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1.0 Introduction 

This section states the purpose of this attachment, gives background 

information (including a description of planning areas, goals, and 

approaches), discusses the types of economic flood damage and the 

national economic development (NED) approach, and provides an 

overview of the report organization. 

1.1 Purpose of this Attachment 

There are many ongoing effects to support the development of the 2012 

Central Valley Flood Protection Plan (CVFPP). This technical attachment 

describes the methodology and results from the economic flood damage 

analyses for the following: 

 No Project condition 

 Achieve State Plan of Flood Control (SPFC) Design Flow Capacity 

Approach 

 Protect High Risk Communities Approach 

 Enhance Flood System Capacity Approach 

 State Systemwide Investment Approach 

The flood damage analysis of the No Project condition was conducted to 

provide a baseline for comparison with the four approaches.  While the No 

Project condition is meant to describe the existing conditions of the flood 

management systems in the Central Valley, it also includes projects that 

have been authorized and have funding, or that have begun construction or 

implementation.  The No Project condition includes the following: 

 Levee improvements in south Yuba County implemented by the Three 

Rivers Levee Improvement Authority (TRLIA) since 2004 (TRLIA, 

2011) 

 Natomas Levee Improvement Program by the Sacramento Area Flood 

Control Agency (SAFCA) (SAFCA, 2011) 
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 Folsom Dam Joint Federal Project to improve the ability of Folsom 

Dam to manage large floods by allowing more water to be safely 

released earlier in a storm event, leaving more storage capacity for 

capturing peak inflow (Reclamation, 2009) 

 Levee improvements along the American River to safely pass a flow of 

160,000 cubic feet per second (cfs) as part of the American River 

Common Features Project (SAFCA, 2011) 

 Marysville levee improvements (USACE, 2009) 

This technical attachment also documents the following based on the best 

available data and tools as of September 2011: 

 Geographic planning areas relevant to the CVFPP development 

process. 

 Quantitative economic flood damage estimates for structures, contents, 

crops, and business loss (direct damages) under the No Project 

condition as a baseline for comparison with other flood risk 

management approaches. 

 Quantitative flood damage estimates for structures, contents, crops, and 

business loss (direct damages) under the four flood risk management 

approaches described below. 

 Qualitative description of approach for the estimation of emergency 

costs under a future CVFPP update. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 

Protection Act of 2008, the California Department of Water Resources 

(DWR) has prepared a sustainable, integrated flood management plan 

called the CVFPP, for adoption by the Central Valley Flood Protection 

Board (Board).  The 2012 CVFPP provides a systemwide approach to 

protecting lands currently protected from flooding by existing facilities of 

the SPFC, and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 

conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 

ecosystem, and related conditions within the flood management system and 

to support formulation of system improvements.  These analyses were 
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conducted in the Sacramento River Basin, San Joaquin River Basin, and 

Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 

direction, two geographical planning areas were important for CVFPP 

development (Figure 1-1): 

 SPFC Planning Area – This area is defined by the lands currently 

receiving flood protection from facilities of the SPFC (see State Plan of 

Flood Control Descriptive Document (DWR, 2010)).  The State of 

California’s (State) flood management responsibility is limited to this 

area. 

 Systemwide Planning Area – This area includes the lands that are 

subject to flooding under the current facilities and operation of the 

Sacramento-San Joaquin River Flood Management System (California 

Water Code Section 9611).  The SPFC Planning Area is completely 

contained within the Systemwide Planning Area which includes the 

Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 

planning areas.  The CVFPP focused on SPFC facilities; therefore, 

evaluations and analyses were conducted at a greater level of detail within 

the SPFC Planning Area than in the Systemwide Planning Area. 

Economic flood damage analysis was conducted in the SPFC Planning 

Area for flood damages to structures, contents, crops, and business losses.  

Costs related to emergency response and recovery, regional economic 

impacts, and other social effects are analyzed for the Systemwide Planning 

Area and the Central Valley. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 

address identified flood-management-related problems and opportunities, a 

primary and four supporting goals were developed: 

 Primary Goal – Improve Flood Risk Management 

 Supporting Goals: 

 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

1.5 2012 CVFPP Planning Approaches 

In addition to the No Project approach, three fundamentally different 

approaches to flood management were initially compared to explore 

potential improvements in the Central Valley.  These approaches are not 

alternatives; rather, they bracket a range of potential actions and help 

explore trade-offs in costs, benefits, and other factors important in decision 

making.  The approaches are as follows: 

 Achieve SPFC Design Flow Capacity – Address capacity 

inadequacies and other adverse conditions associated with existing 

SPFC facilities, without making major changes to the footprint or 

operation of those facilities. 

 Protect High Risk Communities – Focus on protecting life safety for 

populations at highest risk, including urban areas and small 

communities. 

 Enhance Flood System Capacity – Seek various opportunities to 

achieve multiple benefits through enhancing flood system storage and 

conveyance capacity. 

Comparing these approaches helped identify the advantages and 

disadvantages of different combinations of management actions, and 

demonstrated opportunities to address the CVFPP goals to different 

degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 

developed that encompasses aspects of each of the approaches to balance 
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achievement of the goals from a systemwide perspective, and includes 

integrated conservation elements.  Figure 1-2 illustrates this plan 

formulation process. 

This attachment documents economic flood damage analyses conducted for 

the No Project condition and each of the approaches. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach 

1.6 Types of Economic Flood Damages 

In common with most economic flood damage studies, four types of 

damages have been defined, as follows: 

 Tangible damages include the economic impacts of a flood (e.g., 

damages to structure and contents of buildings, utility infrastructure, 

agricultural enterprises). 

 Tangible damages, measured in dollars, also include losses from 

emergency response and disruption of normal economic and social 

activities that arise from the physical impact of a flood (e.g., costs 

associated with emergency response; cleanup; community support; 

disruption to transportation, employment, commerce, tourism). 

 Intangible damages consist of losses that are usually not quantified in 

monetary terms (since market prices cannot be used) (e.g., loss of 

biodiversity due to habitat damages to the riverbanks). 
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 Intangible damages also include losses that are also usually not 

quantified in monetary terms (since market prices cannot be used) (e.g., 

increase in stress levels for residents following a major flood affecting 

their homes). 

The analyses documented in this attachment focus on (1) quantitative 

evaluation of tangible flood damages to structure, contents, and crops and 

(2) a qualitative discussion of other tangible costs related to emergency 

response and recovery. 

1.7 National Economic Development 

The 1983 Economic and Environmental Principles and Guidelines (P&G) 

for Water and Related Land Resources Implementation Studies (WRC, 

1983) were established pursuant to the Water Resources Planning Act of 

1965 (Public Law 89-80) to promote proper and consistent planning by 

federal agencies
1
 in the formulating and evaluating water and related land 

resources implementation studies.  The federal objective of these studies is 

to maximize NED through development of an NED plan while protecting 

the nation’s environment, pursuant to applicable laws and requirements.  

The P&G define the evaluation approach for NED to maximize net 

benefits. 

The CVFPP economic flood damage analyses documented in this 

attachment adhere to the NED approach.  Key elements that comply with 

the NED approach and U.S. Army Corps of Engineers (USACE) policies 

and procedures include, but are not limited to, the following: 

 Use of risk analysis 

 Depreciation of structural value 

 Use of uncertainty in first floor elevations, structure values, and 

contents-to-structure value ratio 

 Use of USACE Hydrologic Engineering Center Flood Damage 

Analysis (HEC-FDA) computer program  

California’s economy is the largest in the United States and, thus, the 

economies of these two entities are closely linked.  It is anticipated that 

                                                        
1
  The federal agencies are U.S. Army Corps of Engineers (USACE), U.S. Department of 
the Interior, Bureau of Reclamation (Reclamation), Tennessee Valley Authority, and the 
Natural Resources Conservation Service (NRCS). 
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implementation of the CVFPP could reduce economic flood damages in the 

Central Valley of California, increase overall California production, and 

thus benefit the entire national economy.  In other words, implementing the 

CVFPP could potentially contribute to the NED. 

In the future, with appropriate Congressional authorization, California will 

likely seek federal funding.  Using an economic flood damage evaluation 

compatible with the NED approach could potentially expedite the federal 

funding process.  Also, being compatible with USACE water planning 

principles and guidelines could help California maximize federal funding. 

1.8 Report Organization 

Organization of this document is as follows: 

 Section 1 describes the purpose of the attachment and provides 

background information on the CVFPP; describes CVFPP planning 

areas, the CVFPP planning process, and planning approaches; and 

discusses types of flood damages and NED. 

 Section 2 summarizes results and findings for the economic flood 

damage analysis. 

 Section 3 describes the methodology used in this analysis. 

 Section 4 provides complete results for the flood damage analysis by 

approach. 

 Section 5 contains references for the sources cited in this document. 

 Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Results Summary and Findings 

Results of the flood damage analysis are given as Estimated Annual 

Damages (EAD).  EAD is not a predictor of damages for a given year, but 

rather indicates the annualized damages from periodic flooding.  For this 

study, the EAD has three components: 

 Annual structure and contents damage 

 Annual crop damage 

 Annual business losses 

Figures 2-1 and 2-2 indicate the total EAD, as well as the components 

listed above, for the Sacramento and San Joaquin river basins, for the No 

Project Condition and for each of the four flood management approaches. 

In the Sacramento River Basin, the Enhance Flood System Capacity 

Approach provides the largest reduction in economic flood damages, 

followed by the State Systemwide Investment Approach (SSIA).  This is 

likely because of the larger percentage of the damages in the basin that 

would occur in urban areas, and both of these approaches would provide 

200-year protection to urban areas plus new and widened bypasses and 

lengthened weirs. 

In the San Joaquin River Basin, the Enhance Flood System Capacity 

(EFSC) Approach provides the largest reduction in economic flood 

damages, followed by the Achieve SPFC Design Flow Capacity Approach.  

This is because of a larger percentage of the damages in the basin would 

occur in rural areas and both of these approaches would restore all SPFC 

levees to Design Flow Capacity, including rural areas. 
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Figure 2-1.  Sacramento River Basin Estimated Annual Flood Damages 

 
Figure 2-2.  San Joaquin River Basin Estimated Annual Flood Damages 
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3.0 Flood Damage Analysis 
Methodology 

Structure value has evolved as the most widely used indicator of potential 

economic flood damages and, generally, structure and contents values 

make up the majority of avoided damages or benefits associated with flood 

damage reduction projects.  Vehicles are a structure contents subcategory 

that typically represents a small percentage of project damages and were 

not anticipated to have significant bearing on plan formulation.  For 

agricultural areas, crop loss has been the major economic flood damage 

category.  This document focuses on quantifying the economic flood 

damages for structures and contents, crops and business losses. 

In general, the CVFPP flood damage quantitative analysis for structures, 

contents, and crops in the Sacramento and San Joaquin river basins follows 

a similar methodology to that used for the U.S. Army Corps of Engineers 

(USACE) Sacramento and San Joaquin Basins Comprehensive Study 

(Comprehensive Study) (2002a).  Structural damages are referred to in this 

attachment as inundation damages associated with a building structure and 

its contents, crop damages as damages associated with inundation of 

agricultural lands.  Business losses were not analyzed in the 

Comprehensive Study, but are used in this attachment to describe direct 

flood damages associated with decreased business activity caused by 

flooding. 

This section describes overall methodology and common inputs for 

structural and crop damages.  Specific details of structural and crop 

damages and business losses are given in Section 4. 

3.1 Comprehensive Study 

In response to extensive flooding and damage experienced during the 

floods of 1997, Congress authorized the USACE, Sacramento District, to 

undertake the Comprehensive Study, a comprehensive analysis of the flood 

management systems in the Sacramento and San Joaquin river basins, and 

to develop plans for reducing flood damages and improving the riverine 

environment (USACE, 2002a). 
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Multidisciplinary modeling and analysis tools were developed and used for 

the Comprehensive Study.  The tools provided hydrologic, hydraulic, 

geotechnical, economic, and environmental analysis.  The CVFPP follows 

a similar analytical approach for these two river basins.  The Calaveras 

River and Bear Creek in the Stockton area were not evaluated in the 

Comprehensive Study; however, a similar approach was applied in the 

Stockton area for the CVFPP with slightly different tools.  Details of the 

modeling and analysis applied to the Stockton area can be found in 

Attachment 8C: Riverine Channel Evaluations. 

3.2 Overall CVFPP Modeling Framework 

During CVFPP development, flood management approaches were 

identified and their corresponding EAD were developed and compared 

against the No Project condition EAD to determine their effectiveness as 

flood management strategies.  Multiple modeling tools and analyses were 

conducted to support the approach evaluation (Figure 3-1); using existing 

tools that were updated with best available data. 

The technical tools needed for the evaluation include hydrology that is used 

to develop unregulated flow hydrographs into reservoirs and streams.  

Next, reservoir models are used to simulate regulated flows for input to the 

downstream river hydraulic models.  The regulated flows downstream from 

reservoirs and unregulated local flows are sent to the river hydraulic 

models that are used to simulate water stages, flow rates, levee breaches, 

out-of-system flows, etc., in the rivers. Geotechnical studies identify levee 

failure probability used both in the river hydraulic models to determine 

levee breaches and subsequent out-of-system flows, and in the economic 

models to determine stage-damage curves. Economic models identify 

damages using stage-damage curves derived from structure and crop 

inventories.  Any CVFPP management actions could change some of the 

model inputs and thus change the EAD. 

Input sources for the economic flood damage analysis are summarized 

below: 

 Levee performance curves using data developed for the Urban Levee 

Evaluation (ULE) Project and the Non-Urban Levee Evaluation 

(NULE) Project under the DWR FloodSAFE California (FloodSAFE) 

Levee Evaluation Program (see Attachment 8E: System/Levee 

Performance for details). 

 Hydraulic modeling outputs from (1) UNET (Unsteady flow through a 

NETwork of open channels) models for the Sacramento and San 
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Joaquin river basins, (2) RMA Delta Model for Delta islands, and (3) 

Hydrologic Engineering Center River Analysis System (HEC-RAS) for 

the Stockton area (see Attachment 8C: Riverine Channel Evaluations 

and Attachment 8D: Estuary Channel Evaluations for details). 

 Flood depth information derived from (1) Comprehensive Study 

FLO-2D
2
 flood depth grids, and (2) FLO-2D flood depth grids for 

Stockton area  

 
Figure 3-1.  Schematic of Overall Modeling Framework 

                                                        
2
  FLO-2D is an integrated river and floodplain model developed by FLO-2D Software, Inc. 
It is a dynamic flood routing model that simulates channel flow, unconfined overland flow, 
and street flow, with consideration of topography and roughness. 
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 A reconnaissance-level structure inventory developed using field 

surveys conducted in 2010 and 2011. 

 DWR May 2010 spatial geographic information system (GIS) dataset 

for Central Valley landuse conditions, focusing on agricultural lands. 

 Comprehensive Study agricultural damage spreadsheets (Ag damage 

spreadsheet) (USACE 2010b). 

 USACE contents-structure ratios and depth-damage functions (USACE, 

2008) 

3.3 Flood Damage Reduction Analysis Methods 

In the Comprehensive Study, USACE used the HEC-FDA computer 

program to analyze flood inundation damage and project performance by 

return period and EAD.  The HEC-FDA program provides state-of-the-art 

analysis for formulating and evaluating flood damage reduction plans using 

risk-based analysis methods. 

The HEC-FDA calculations took into account information and 

uncertainties from interrelated hydrologic, hydraulic, geotechnical, and 

economic information (UASCE, 2002b), as follows: 

 Hydrologic − A discharge-frequency function describes the probability 

of floods equal to or greater than a given discharge.  Uncertainty factors 

include hydrologic data record lengths that are often short or do not 

exist, precipitation-runoff computational methods that are not precisely 

known, and imprecise knowledge of flow regulation effectiveness. 

 Hydraulics − A stage-frequency function describes the maximum 

water surface elevation (stage) that the flow of water in a river channel 

would reach for a given annual exceedence probability (AEP) flood 

event.  Uncertainty in this number may be from the use of simplified 

models to describe complex hydraulic phenomena, including the lack of 

detailed geometric data, misalignments of hydraulic structures, material 

variability, and errors in estimating slope and roughness factors. 

 Geotechnical − A geotechnical levee performance curve describes 

levee failure (breach) probabilities corresponding to water stages in a 

channel.  As the stage on the channel side of a levee rises, the 

probability of levee failure increases.  Once a levee fails and water 

enters the floodplain through the resulting breach, stages in the 

floodplain are applied in the HEC-FDA computation.  Uncertainty 
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results from estimation of the geotechnical performance of levees and 

flood control structures during floods.  Other uncertainties may include 

assumptions for geotechnical parameters, mathematical simplifications 

in the analysis models, frequency and magnitude of physical changes or 

failure events, and the uncertainty of unseen features such as rodent 

burrows, cracks within the levee, or other defects. 

 Flood Damages − A stage-damage function describes the amount of 

damage that might occur given certain floodplain stages.  Uncertainty 

may be from land uses, depth/damage relationships, structure/contents 

values, structure locations, first-floor elevations, floodwater velocity, 

the amount of debris and mud, flood duration, and warning time and the 

response of floodplain inhabitants.  Some of these uncertainties 

(warning time and response) are not accounted for in the flood damage 

analysis. 

To quantify the above uncertainties and incorporate them into an economic 

and engineering performance analysis, HEC-FDA applies Monte Carlo 

simulation, a numerical-analysis procedure that computes the expected 

value of damage while explicitly accounting for uncertainty in basin 

parameters used to determine flood inundation damage.  Additional 

information can be found in the HEC-FDA User’s Manual (USACE, 

2008a) 

3.4 Flood Damage Analysis Output Types 

The primary outputs of HEC-FDA for flood damage analysis in this 

attachment are as follows: 

 EAD is defined as the average or mean of all possible values of damage 

determined by Monte Carlo sampling of stage-exceedence probability, 

the geotechnical levee performance curve, and stage-damage 

relationships and their associated uncertainties.  EAD is calculated as 

the integral of the damage-probability function. 

 Expected annual exceedence probability (AEP) measures the chance of 

a flood occurring in any given year. 

 Long-term risk provides the probability of one or more damaging 

floods occurring over a period of time (10-, 30-, and 50-year periods). 

 Conditional nonexceedence probability for flood events (i.e., the 

probability of passing specific flood events) of 10, 4, 2, 1, 0.4, and 0.2 

percent (10-, 25-, 50-, 100-, 200-, and 500-year return period). 
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3.5 CVFPP HEC-FDA Coverage 

The total floodplain area protected by the SPFC in the Sacramento and San 

Joaquin river basins is approximately 2.1 million acres (or about 3,300 

square miles).  These floodplains are not homogenous; they contain areas 

subject to different types of flooding.  For example, the Colusa Basin in the 

upper Sacramento River Basin is prone to “overland” flooding while areas 

in and near the Delta in the lower San Joaquin River Basin are prone to 

“bathtub” flooding.  In HEC-FDA, floodplains are represented by a 

collection of damage areas for (1) the Sacramento River Basin, (2) the San 

Joaquin River Basin, and (3) the Stockton area.  HEC-FDA simulations are 

performed for each damage area in the CVFPP. 

The Sacramento River Basin is represented by 63 damage areas (about 1.36 

million acres in total, Figure 3-2) and the San Joaquin River Basin by 43 

damage areas (about 0.70 million acres in total, Figure 3-3).  The original 

Comprehensive Study damage areas in these two basins were revised by 

DWR in early 2010 within the 500-year (0.2 percent) floodplains
3
 to 

include the largest flood deemed reasonably possible.  There are six 

damage areas in the Stockton area (about 60,000 acres in total, Figure 3-3) 

covering areas inside SPFC Planning Area but outside of Comprehensive 

Study HEC-FDA for the San Joaquin River Basin. 

Each damage area is unique and is located along a stream or waterway with 

beginning and ending stations.  As described above, each damage area 

extends to include the 500-year floodplain.  Each damage area has a unique 

index point on a bounding watercourse, where channel and floodplain 

water surface elevations are coupled.  The index point, which represents its 

corresponding section of river reach and the properties of the levees, is also 

the location where flood damages for a damage area (through the stage-

damage function) are developed, and then linked to hydrology, hydraulics, 

and geotechnical considerations through a Monte Carlo simulation to 

calculate a flood risk.  The index point location for each damage area has 

been defined through the ULE and NULE efforts and is shown in 

Attachment 8E: Levee Performance Curves. 

                                                        
3
  DWR used the 500-year floodplain GIS file from the Comprehensive Study to modify the 
damage area boundaries in early 2010.  The intent of the modification was to better align 
the damage areas with the floodplain boundary.  Portions or the entirety of the cities of 
Chico, Davis, Los Banos, Merced, Tracy, and Woodland are inside the SPFC planning 
area, but their flood damage effects were not evaluated under the CVFPP because the 
Comprehensive Study did not develop HEC-FDA damage areas for each of these cities.  
It is anticipated that these cities will be part of the 2017 CVFPP flood damage analysis. 
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Figure 3-2.  HEC-FDA Damage Areas in Sacramento River Basin 
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Figure 3-3.  HEC-FDA Damage Areas in San Joaquin River Basin and Stockton Area 



 3.0 Flood Damage Analysis Methodology 

January 2012 3-9 
Public Draft 

 

3.6 Major HEC-FDA Inputs 

Risk analyses for structure and crop damage require three types of 

hydraulic and geotechnical inputs to HEC-FDA: 

 Stage-frequency curve (stream hydraulics and hydrology) 

 Levee performance curve (geotechnical considerations) 

 Flood depth grid (floodplain hydraulics) 

3.6.1 Stage-Frequency Curve 

For each damage area, the stage-frequency curve function at the 

corresponding index point was developed and incorporated into the 

HEC-FDA as input based on flood events with AEPs of 10, 4, 2, 1, .5, and 

.2 percent (10-, 25-, 50-, 100-, 200-, and 500-year return period).  UNET 

simulations for a 100 percent AEP were not performed because hydrology 

for this event was not available; instead, stages for the 100 percent AEP (1-

year return period event) at each index point are based on the interior levee 

toe elevations (as developed by the ULE and NULE projects in DWR’s 

Levee Evaluation Program).  Assumptions from the Comprehensive Study 

hybrid stage-frequency curves were applied in cases where no other data 

were available. 

In some reaches, simulated stages were substantially below the levee 

failure elevation, especially in downstream reaches. This was due to the 

progressive loss of floodwater through multiple upstream levee breaches. 

After a levee breach occurs, the water surface elevation remains relatively 

constant for all higher flood frequencies because flows are escaping into 

the floodplain through the levee breach, causing the stage-frequency curves 

to tail over or flatten at the breach elevation. Monte Carlo sampling in 

HEC-FDA requires a stage-frequency curve that covers a full range of 

potential flood frequencies. Consequently, two sets of simulations were 

required to construct the stage-frequency curves in reaches with levees: one 

that assumes levee failures occur (termed finite channel, see Figure 3-4) 

and one that assumes all flow is contained within the channel (termed 

infinite channel, see Figure 3-4). The portion of the curve below the levee 

failure point is developed using the levee-failure simulations and the upper 

portion of the curve above the frequency of levee failure is formed using 

the infinite channel simulation in which the stage-frequency curve always 

increases. 
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Figure 3-4.  Example of Hybrid Stage-Frequency Curve 

UNET was used to simulate in-channel flow rates and stages, and flows 

leaving river channels through breaches and entering the floodplain under 

different levee failure scenarios based on levee performance curves 

described in the following section.  In-channel hydraulic information from 

UNET was used to develop a hybrid stage-frequency curve at the index 

point of each damage area.  Figure 3-4 shows an example of a hybrid stage-

frequency curve for an index point of a damage area.  Details of the 

methodology to develop hybrid stage-frequency curves are described in the 

Comprehensive Study Technical Studies Documentation, Appendix E 

(USACE, 2002b). 

3.6.2 Levee Performance Curve 

Levee performance curves establish geotechnical relationships between 

river water stage and the probability that a levee segment will fail or breach 

(water from the waterside of the levee flows in an uncontrolled manner to 

the landside of the levee) at that stage.  Under the ULE Project, levee 
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performance curves were developed for levees (subdivided into reaches 

ranging in length from 1,000 to 3,000 feet) protecting populations of 

10,000 or more people through (1) about 400 miles of SPFC levees, and (2) 

appurtenant non-SPFC levees.  The NULE Project developed levee 

performance curves for levees (in 2- to 25-mile-long segments) protecting 

populations of fewer than 10,000 people (see Attachment 8E: 

System/Levee Performance for details). 

During curve development, four levee failure modes were considered: 

steady-state under-seepage, steady-state through-seepage, steady-state 

landside stability, and erosion.  Past flood information, field data, and 

laboratory geotechnical data were used to calculate or validate the levee 

performance curves. Note that, although an earthquake could cause damage 

resulting in a levee to breach, levee performance curves from the NULE 

and ULE projects did not consider the potential risk from seismic activities 

on levee breach. 

Levee failure conditions for each approach are described in Attachment 8E: 

System/Levee Performance for the Sacramento River and San Joaquin river 

basins and Attachment 8C: Riverine Channel Evaluations for the Stockton 

area.  Riverine hydraulic results (Attachment 8C: Riverine Channel 

Evaluations) that account for the likely performance of upstream levees 

were used to generate hybrid stage-frequency curves as inputs to the 

CVFPP HEC-FDA as described above. 

3.6.3 Flood Depth Grid  

A key input to HEC-FDA is a flood depth grid for each floodplain for 

various flood events.  For each damage area, flood depth information was 

overlaid on the geospatial structure and crop inventory to estimate the total 

structure and crop damages under different flood events and thus develop 

the stage-damage relationship.  (Development of flood depth grid 

information for the Stockton area is described in detail in Attachment 8C: 

Riverine Channel Evaluations.)  This section describes the derivation of 

flood depth information from the Comprehensive Study FLO-2D outputs 

for the Sacramento and San Joaquin river basins.  Simulated maximum 

floodplain water depths for the Sacramento and the San Joaquin river 

basins in the Comprehensive Study are shown in Figures 3-5 and 3-6, 

respectively. 

Under the 2002 Comprehensive Study, USACE developed a set of levee 

performance curves for the No Project condition UNET simulation.  No 

Project condition UNET overbank flow results were then used in FLO-2D 

floodplain models to generate flood depth grids for the 10-, 50-, 100-, 200-, 

and 500-year floods. 
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Under the CVFPP, a new set of levee performance curves (see Attachment 

8E: System/Levee Performance) and other assumptions were developed 

and incorporated into the UNET models to represent the different 

approaches.  New flood depth grids for the No Project condition, as well as 

for the four approaches, were derived from the Comprehensive Study FLO-

2D outputs as described below. 

The interior floodplain depth is a combination of three factors: 1) the levee 

breach location; 2) when the levee breaks in relation to the stage in the 

river; and 3) the period of time during which floodwaters enter the 

floodplain through the levee breach.
4
  Assumptions (e.g., new levee 

performance curves) made in the CVFPP result in differences between the 

factors described above as used in the CVFPP and the Comprehensive 

Study.  As a result, the original Comprehensive Study interior-exterior 

stage relationships (i.e., the relationship between water depth in the 

floodplain and water stage in the river) could not be used in the CVFPP. 

It was therefore necessary to derive new interior-exterior stage 

relationships based on the assumption that the total volume of water 

entering the floodplain, and the resulting interior stage, is proportional only 

to the exterior (river) stage and not the physical location, exceedence 

probability, or duration of the levee breach.  By comparing a CVFPP 

exterior stage with a Comprehensive Study exterior stage at an index point, 

a new interior floodplain depth can be derived for any given hydraulic 

model run in the CVFPP.  The new interior floodplain depth and associated 

exterior stage are applied as FDA inputs for that particular hydraulic model 

run. 

A land parcel in Damage Area SJ14 was selected as an example to illustrate 

the derivation process.  First, interior water depth for the land parcel and a 

given flood AEP was taken from the Comprehensive Study FLO-2D No 

Project flood depth grid.  Next, the UNET exterior (in-channel) water stage 

at the index point corresponding to the parcel was extracted from the 

Comprehensive Study UNET runs for all flood AEPs.  The data points 

were then plotted (see Comprehensive Study Baseline data in Table 3-1 and 

Figure 3-7) to develop a Comprehensive Study interior-exterior stage 

curve. 

                                                        
4
 In UNET, levee breaches are simulated using simple failure mode. The simple failure 
method, identified by the SF record, uses a simple spillway concept whereby the volume 
of available storage multiplied by a linear routing factor gives flow through the breach. 
This simple method, often used in cases where the details of a breach are unknown, 
does not simulate the erosion of material from the breach, but assumes a maximum 
breach length. This method acknowledges that flow into the storage area is proportional 
to available storage; thus, flow is greatest at the onset of the breach and decreases as 
the available floodplain storage decreases. 
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Figure 3-5.  Simulated Maximum Water Depths for Sacramento River 
Basin in Comprehensive Study 
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Figure 3-6.  Simulated Maximum Water Depths for San Joaquin River Basin in 
Comprehensive Study 
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A new exterior stage-frequency curve at the SJ14 index point was 

developed from UNET for the CVFPP (see CVFPP No Project condition in 

Table 3-1).  Using the original interior-exterior stage-frequency 

relationship taken from Comprehensive Study data give the curve shown in 

Figure 3-7. Interior water depths at the parcel related to the new CVFPP 

stages at the SJ14 index point can be identified through interpolation 

(extrapolation in some cases), as shown by the red dots in Figure 3-8 for 

each exterior (river) stage.  The interior water depths at the parcel for the 

CVFPP No Project condition were taken from Figure 3-8, as shown in 

Table 3-1.  The interior-exterior curve was extended down to the interior 

toe of the levee because when the maximum exterior water stage is below 

the interior levee toe elevation, levee failure probability is assumed to be 

zero, and the interior grid is dry (zero water depth).  The approach 

described above was repeated to develop new flood depth stages for all 

parcels in each of the damage areas. 

 
Table 3-1.  Interior and Exterior Water Stage Data for SJ14 Index Point 
and Parcel 

 
AEP (percent) 

10 2 1 .5 .2 

Comprehensive Study Baseline 

SJ14 Index Point River Stage (feet, 
from UNET) 107.21 108.27 109.61 110.33 110.58 

Water Depth at a parcel (feet, from 
FLO-2D) 0.00 2.68 4.82 5.20 5.44 

CVFPP No Project  

SJ14 Index Point River Stage (feet; 
from UNET) 107.31 107.44 107.46 107.56 108.88 

Water Depth at a parcel (feet; from 
interpolation) 0.26 0.58 0.62 0.89 3.65 

Key; 

AEP = annual exceedence probability 

APN = Assessor Parcel Number 

Comprehensive Study = USACE 2002a, Sacramento and San Joaquin River Basins Comprehensive 
Study 

CVFPP = Central Valley Flood Protection Plan 
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Figure 3-7.  Interior-Exterior Stage Curve from Comprehensive Study 
for a Parcel in Damage Area SJ14 

 
Figure 3-8.  Interpolated Interior Water Depth Based on Interior-
Exterior Curve for a Parcel in Damage Area SJ14 and New CVFPP No 
Project Exterior Water Stages 
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3.7 Structure Inventory Development 

Development of a structure inventory is an integral step in the economic 

flood damage analysis.  This section describes the context and 

methodology for the structure inventory.  In general, the following steps 

were taken to complete the economic flood damage analysis: 

 Step 1 – Develop a structure inventory by conducting a reconnaissance-

level field survey for areas inside the CVFPP HEC-FDA damage areas 

in the Sacramento and San Joaquin river basins and the Stockton area. 

 Step 2 – Populate missing data based on existing parcel data and survey 

results. 

 Step 3 – Identify building costs per square foot, and calculate the 

structure and contents cost for each structure inside the CVFPP HEC-

FDA damage areas of the Sacramento and San Joaquin river basins. 

 Step 4 – Calculate total damages (summation of structure and contents 

damages) under different floods in HEC-FDA based on the derived 

depth grids from the Comprehensive Study FLO-2D outputs and depth-

damage functions to develop the stage-damage curve for each damage 

area. 

 Step 5 – Perform risk analysis in HEC-FDA for each damage area. 

This section describes Steps 1 through 3 in detail. 

3.7.1 Inventory Development Overview 

Developing the structure inventory for the CVFPP damage areas in the 

Sacramento and San Joaquin river basins was a major activity of the 

economic flood damage analysis.  The 2010 June parcel data compiled by 

ParcelQuest
5
 were used as the basis for developing the structure inventory 

needed to complete the structure economic flood damage analysis.  

Reconnaissance-level field surveys were conducted to obtain the following 

information to support development of structure values and subsequent 

economic flood damage analyses in HEC-FDA: 

                                                        
5
  ParcelQuest is a company that operates in the State of California and provides parcel 
and map data in digital format. 
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 Structure categories – Public, industrial, commercial, urban
6
 

residential, and rural residential 

 Occupancy type – A subcategory of the structure category with 

additional landuse information (see Tables 3-2 and 3-3) 

 Number of buildings and corresponding number of stories (with or 

without a basement) in a parcel 

 Number of units per residential parcel 

 Construction class for a building – Class A for a steel-reinforced 

frame, B for a reinforced-concrete frame, C for a masonry or concrete 

frame, D for a wood frame, and S for a metal frame per the Marshall 

Valuation Service construction indicators for each occupancy type 

(M&S, 2010) 

 Construction quality for the building – “Cheap/minimal, ” “low 

cost,” “average,” “good,” and “excellent” per descriptions in the 

Marshall Valuation Service (M&S, 2010) 

 Depreciation percentage – Loss in value compared to its new-cost 

estimate because of (1) physical depreciation, (2) functional/technical 

obsolescence, and (3) external, locational, or economic obsolescence 

per guidance from the Marshall Valuation Service (M&S, 2010) 

 Foundation height – Estimated difference between the average ground 

elevation of a parcel and the first floor of a structure, as observed from 

the survey, representing the first point where water could enter and 

damage the contents of the structure 

Under the attribute “County Use” in the ParcelQuest data is a code that 

varies by county, but which represents the landuse condition of a parcel.  

For each parcel, this “County Use” code was matched to one of five 

structure categories (commercial, industrial, public, urban residential, and 

rural residential) and an occupancy type from Table 3-3 was then assigned 

in accordance with the landuse description provided by the specific county.  

Appendix A summarizes lookup tables for counties that match the “County 

Use” code to structure category and occupancy types of Table 3-2.  

Table 3-3 is an example excerpt from the lookup table for Butte County. 

                                                        
6
  Urban area definition is from the ESRI dataset dated on January 2010.  These data were 
originally extracted from the U.S. Bureau of the Census TIGER/Line 2000 database. 
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3.7.2 Field Survey 

Reconnaissance-level field structure inventory surveys were conducted in 

14 counties of the Central Valley from August through early October 2010 

and in April 2011 (see Table 3-4).  The field surveys collected data to 

support the development of structure values and subsequent economic 

flood damage analyses in HEC-FDA. All counties inside the HEC-FDA 

damage areas were surveyed. 

The goals of the survey were as follows: 

 Determine/verify the percentage of empty parcels 

 Determine structure characteristics (e.g., foundation height and 

depreciation percentage) 

 Verify structure characteristics (e.g., building class, quality class, 

occupancy types, number of stories) 

For each county, random parcel samples were selected from the 

ParcelQuest database, as follows: 

 Step 1 – Identify parcels inside the CVFPP HEC-FDA damage areas. 

 Step 2 – Assign a random number to all parcels from Step 1. 

 Step 3 – Identify parcels with land uses that belong to the five structure 

categories from Table 3-2. 

 Step 4 – Sort the parcels based on the five survey categories. 

 Step 5 – For each structure category, rank the parcels in ascending 

order based on the random number assigned in Step 2. 

 Step 6 – For each survey category, assign a survey number from 1 to 30 

to the first 30 parcels.  These 30 samples are used provide statistical 

information on the empty parcel rate and structure characteristics if a 

building(s) exists on a parcel. 

 Step 7 – Assign a survey number to the parcel next in the sorted list 

until there are 30 parcels with structures (based on aerial photos).  

Samples with a survey number greater than 30 provide statistical 

information on structure characteristics (e.g., foundation height, 

depreciation percentage, quality class). 
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Table 3-2.  Structure Category and Corresponding Occupancy Type 
as Defined by CVFPP 

Structure 
Category 

Occupancy 
Type 

Occupancy Type 
Description 

Commercial 

C-RET Retail  

C-DEAL Full-Service Auto Dealership  

C-FURN Furniture Store  

C-HOS Hospital  

C-AUTO Auto Sales  

C-HOTEL Hotel  

C-FOOD Food-Retail  

C-RESTFF Fast Food Restaurant  

C-GROC Grocery Store  

C-MED Medical  

C-OFF Office  

C-SHOP Shopping Center  

C-REST Restaurants  

C-SERV Auto Service 

ELDER Eldercare 

MISC-COM Miscellaneous Commercial 

Industrial 

I-LT Light Industrial 

I-HV Heavy Manufacturer  

I-WH Warehouse  

MISC-IND Miscellaneous Industrial 

Public 

P-CH Church  

P-GOV Government Building (including police 
stations, airports, ports, jails, judicial buildings)  

P-REC Recreation/Assembly  

P-SCH Schools  

FIRE Fire Station 

MISC-PUB Miscellaneous Public 

Urban 
Residential 

SFR Single-Family Residential 

MISC-RES Miscellaneous Residential 

MFR Multifamily Residential  

MH Mobile Home  

FARM Farm Buildings, Including Primary Residential 

MISC-FARM Miscellaneous Farm 
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Table 3-2.  Structure Category and Corresponding Occupancy Type 
as Defined by CVFPP (contd.) 

Structure 
Category 

Occupancy 
Type 

Occupancy Type 
Description 

Rural Residential 

SFR Single-Family Residential 

MISC-RES Miscellaneous Residential 

MFR Multifamily Residential  

MH Mobile Home Single/Double 

FARM Farm Buildings, including Primary Residential 

MISC-FARM Miscellaneous Farm 

Occupancy Type 
Not Surveyed 

CROP Crops 

MISC-AG Miscellaneous Agriculture 

MISC Miscellaneous 

Key: 

CVFPP = Central Valley Flood Protection Plan 

The structure inventory applied to the Sacramento River Basin HEC-FDA 

is provided in Table 3-5, the San Joaquin River Basin HEC-FDA in Table 

3-6, and the Stockton area in Table 3-7.  In the Sacramento River Basin, 

SAC63 (Sacramento South) has the greatest total number of structures 

(121,733), as well as for all structure categories.  For SAC25 (Yuba City) 

and SAC36 (Natomas) total buildings total more than 20,000.  In the San 

Joaquin River Basin, SJ34 (French Camp) has the greatest number of total 

structures (6,161), followed by SJ33 (Lathrop) and SJ25 (Modesto) with 

5,106 and 3,011 buildings total, respectively.  For the Stockton area, the 

total number of buildings is 65,281; the majority of the structures are in 

STK10, STK07, and STK08. 

Because each parcel needs to have a value for all required structure 

information, @RISK (an add-in to Microsoft Excel from Palisade 

Corporation that performs risk analysis using Monte Carlo simulation) was 

used.  The statistical distributions (e.g., normal, uniform) from survey 

results and parcel records were developed and missing parcel values were 

then populated using the @RISK software application as described below. 
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Table 3-3.  Example Excerpt of Butte County “County Use” Code Lookup Table 

County 
Use 

Description 
Structure 
Category 

Occupancy 
Type 

Occupancy 
Description 

AY Mixed Agricultural CROP CROP Crops 

AZ Miscellaneous CROP CROP Crops 

CC 
Service  
(garage, shop, mini-mart) 

COM C-SERV 
Commercial 
Service-Auto  

CI 
Institutional  
(church, hospital) 

COM C-HOS Hospital  

CP 
Commercial/Professional 
(bank, etc.) 

COM C-RET 
Commercial 
Retail  

CR 
Residential (motel, hotel, 
mobile home park) 

COM C-HOTEL Hotel  

CS 
Commercial Retail  
(stores, etc.) 

COM C-RET 
Commercial 
Retail  

CT 
Recreational  

(theatre, golf, etc.) 
PUB P-REC 

Public 
Recreation/Asse
mbly  

CU Utilities PUB P-GOV 
Public 
Government 
Building  

CZ Miscellaneous Commercial COM MISC-COM 
Miscellaneous 
Commercial 

IM Manufacturing IND I-HV 
Industrial Heavy 
Manufacture  

IW 
Warehouse/Wholesale 
Operations 

IND I-WH 
Industrial 
Warehouse  

IZ Miscellaneous Industrial IND MISC-IND 
Miscellaneous 
Industrial 

R2 Duplex RES MFR 
Multifamily 
Residential  

R3 Triplex RES MFR 
Multifamily 
Residential  

R4 Fourplex RES MFR 
Multifamily 
Residential  

R7 
Multiple Residential, not 
matching 

RES MFR 
Multifamily 
Residential  

RA 
Five or more units – 
apartments 

RES MFR 
Multifamily 
Residential  

Source: Cowdin pers. Comm., 2010. 

Key: 
COM = Commercial 
IND = Industrial 

PUB = Public 
RES = Residential 
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Table 3-4.  Counties Where Structure Field 
Surveys Were Conducted 

Sacramento River Basin San Joaquin River Basin 

Butte Fresno 

Colusa Madera 

Glenn Merced 

Sacramento San Joaquin 

Solano Stanislaus 

Sutter 

 Tehama 

 Yolo 

 Yuba 

 

3.7.3 Populating Missing Parcel Data 

For some parcels, structure information from ParcelQuest was incomplete; 

the missing data include the following: 

 Building area 

 Structure class 

 Structure quality class 

 Number of stories 

 Depreciation percentage 

 Foundation height 

Building Area 

 Step 1 – Sort the parcel data in descending order based on building area 

records from ParcelQuest. 

 Step 2 – For records with values larger than zero (excluding the top and 

bottom 5 percent samples), identify the best-fit distribution using 

@RISK software based on Chi-squared statistics (between normal and 

log-normal). 

 Step 3 – Populate building area values based on the identified 

distribution for parcels with zero value from the records.  Discount the 

populated areas based on the vacancy rate identified from the first 30 

survey samples. 

 Step 4 – Rank the parcels with zero building area in an ascending order 

based on the random number originally used to select the parcels for 

field survey. 
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Table 3-5.  Structure Inventory for Sacramento River Basin 

Damage 
Area 

Description COM IND PUB RES Total 

SAC01 Woodson Bridge East 9 3 0 120 132 

SAC02 Woodson Bridge West 2 1 0 57 60 

SAC03 Hamilton City 28 0 10 564 602 

SAC04 Capay 1 1 4 18 24 

SAC05 Butte Basin 6 3 49 213 271 

SAC06 Butte City 8 1 0 37 46 

SAC07 Colusa Basin North 22 6 129 510 667 

SAC08 Colusa 187 8 75 1,768 2,038 

SAC09 Colusa Basin South 20 29 73 381 503 

SAC10 Grimes 8 0 10 91 109 

SAC11 RD 1500 West 2 8 22 58 90 

SAC12 Sycamore Slough 0 0 0 1 1 

SAC13 Knight's Landing 32 5 8 276 321 

SAC14 Ridge Cut (North) 0 0 1 1 2 

SAC15 Ridge Cut (South) 0 0 0 5 5 

SAC16 RD 2035 2 5 6 38 51 

SAC17 East of Davis 8 5 15 706 734 

SAC18 Upper Honcut 10 1 0 167 178 

SAC20 Gridley 194 22 3 2,295 2,514 

SAC21 Sutter Buttes East 26 19 43 1,334 1,422 

SAC22 Live Oak 57 8 82 2,082 2,229 

SAC23 Lower Honcut 3 15 37 403 458 

SAC24 Levee Dist. No.1 26 19 77 1,316 1,438 

SAC25 Yuba City 830 312 288 19,073 20,503 

SAC26 Marysville 326 56 439 3,257 4,078 

SAC27 Linda-Olivehurst 176 76 269 8,303 8,824 

SAC28 RD 784 28 7 86 2,565 2,686 

SAC29 Best Slough 2 2 17 92 113 

SAC30 RD 1001 13 7 36 260 316 

SAC32 RD 70-1660 0 5 27 102 134 

SAC33 Meridian 6 4 8 110 128 

SAC34 RD 1500 East 6 7 16 77 106 

SAC35 Elkhorn 2 0 5 23 30 

SAC36 Natomas 405 194 935 24,612 26,146 

SAC37 Rio Linda 60 108 370 6,753 7,291 

SAC38 West Sacramento 524 476 84 6,128 7,212 

SAC39 RD 900 45 54 35 7,258 7,392 
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Table 3-5.  Structure Inventory for Sacramento River Basin (contd.) 

Damage 
Area 

Description COM IND PUB RES Total 

SAC40 Sacramento North 966 300 609 12,705 14,580 

SAC41 RD 302 0 0 2 26 28 

SAC42 RD 999 2 4 2 102 110 

SAC43 Clarksburg 22 6 3 130 161 

SAC44 Stone Lake 102 14 480 15,686 16,282 

SAC45 Hood 5 8 15 76 104 

SAC46 Merritt Island 0 0 0 33 33 

SAC47 RD 551 0 3 11 50 64 

SAC48 Courtland 11 4 17 78 110 

SAC49 Sutter Island 0 0 2 9 11 

SAC50 Grand Island 11 2 27 312 352 

SAC51 Locke 20 3 26 40 89 

SAC52 Walnut Grove 44 9 28 131 212 

SAC53 Tyler Island 2 5 4 3 14 

SAC54 Andrus Island 73 20 117 482 692 

SAC55 Ryer Island 0 0 2 90 92 

SAC56 Prospect Island 0 0 4 0 4 

SAC57 Twitchell Island 0 0 17 3 20 

SAC58 Sherman Island 1 0 70 41 112 

SAC59 Moore 0 0 1 58 59 

SAC60 Cache Slough 0 3 2 58 63 

SAC61 Hastings 0 0 0 11 11 

SAC62 Lindsey Slough 8 10 13 2,868 2,899 

SAC63 Sacramento South 3,953 1,542 3,554 112,684 121,733 

Total 
 

8,294 3,400 8,265 236,730 256,689 

Key: 

COM = commercial 
IND = industrial 

PUB = public 
RD = reclamation district 
RES = residential 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

3-26 January 2012 
 Public Draft 

Table 3-6.  Structure Inventory for San Joaquin River Basin 

Damage 
Area 

Description COM IND PUB RES Total 

SJ01 Fresno 21 8 9 323 361 

SJ02 Fresno Slough East 0 1 6 100 107 

SJ03 Fresno Slough West 2 0 0 40 42 

SJ04 Mendota 7 4 3 318 332 

SJ05 Chowchilla Bypass 0 0 0 66 66 

SJ06 Lone Willow Slough 0 0 0 194 194 

SJ07 Mendota North 0 0 0 6 6 

SJ08 Firebaugh 119 19 14 1,172 1,324 

SJ09 Salt Slough 39 20 364 1,795 2,218 

SJ10 Dos Palos 113 11 104 1,811 2,039 

SJ11 Fresno River 0 0 0 10 10 

SJ12 Berenda Slough 1 3 0 203 207 

SJ13 Ash Slough 1 3 0 104 108 

SJ14 Sandy Mush 0 0 13 28 41 

SJ15 Turner Island 0 0 0 50 50 

SJ16 Bear Creek 1 3 12 89 105 

SJ17 Deep Slough 0 0 10 14 24 

SJ18 West Bear Creek 0 0 76 0 76 

SJ19 Fremont Ford 1 16 16 314 347 

SJ20 Merced River 0 11 15 208 234 

SJ21 Merced River North 1 20 20 398 439 

SJ22 Orestimba 4 1 24 377 406 

SJ23 Tuolumne South 0 0 16 87 103 

SJ24 Tuolumne River 12 1 9 731 753 

SJ25 Modesto 96 71 126 2,718 3,011 

SJ26 Three Amigos 3 0 12 44 59 

SJ27 Stanislaus South 0 0 31 71 102 

SJ28 Stanislaus North 7 4 72 942 1,025 

SJ29 Banta Carbona 1 4 16 435 456 

SJ30 Paradise Cut 3 6 12 186 207 

SJ31 Stewart Tract 3 1 7 6 17 

SJ32 East Lathrop 16 78 13 64 171 

SJ33 Lathrop/Sharpe 55 72 141 4,838 5,106 

SJ34 French Camp 29 47 49 6,036 6,161 

SJ35 Moss Tract 27 85 27 2,695 2,834 

SJ36 Roberts Island 0 1 13 143 157 

SJ37 Rough and Ready Island 0 3 5 0 8 
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Table 3-6.  Structure Inventory for San Joaquin River Basin (contd.) 

Damage 
Area 

Description COM IND PUB RES Total 

SJ38 Drexler Tract 2 1 2 20 25 

SJ39 Union Island 0 2 4 54 60 

SJ40 Union Island Toe 0 0 0 8 8 

SJ41 Fabian Tract 2 0 6 20 28 

SJ42 RD 1007 33 18 54 265 370 

SJ43 Grayson 2 0 6 235 243 

Total 
 

601 514 1307 27,218 29,640 

Key: 
COM = commercial 
IND = industrial 

PUB = public 
RD = reclamation district 
RES = residential 

Table 3-7.  Structure Inventory for Stockton Area 

Damage 
Area 

Description COM IND PUB RES Total 

STK01 Lower Roberts Island 0 1 21 32 54 

STK06 Stockton East 19 69 18 95 201 

STK07 Calaveras River 729 14 259 13,406 14,408 

STK08 Bear Creek South 63 10 139 10,055 10,267 

STK09 Bear Creek North 39 14 220 5,097 5,370 

STK10 Central Stockton 1,694 968 853 31,466 34,981 

Total 
 

2,544 1,076 1,510 60,151 65,281 

Key: 

COM = commercial 
IND = industrial 
PUB = public 

RES = residential 

 Step 5 – Assign the discounted populated areas to these parcels. 

 Step 6 – For nonresidential parcels, discount building area to two 

stories if the building is three stories or taller (e.g., multiplying a factor 

of two-thirds for a three-story building) because depth-damage 

functions for two stories were applied to these buildings. 

Structure Class 

In the ParcelQuest database, some parcels had an entry for structure class; 

however, for most of the counties, such entries do not match the definitions 

from Marshall & Swift.  Also, some of the parcels did not have an entry for 

building class.  For each county, @RISK was used to populate all parcels 

that had invalid and missing structure class entries, as follows: 
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 Step 1 – Add or modify the structure class entry for parcels where the 

survey was conducted. 

 Step 2 – Use survey results and valid ParcelQuest records (i.e., entries 

consistent with Marshall & Swift) to identify the distribution. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without a structure class (based on the random number, originally used 

to select the parcels for field survey, in an ascending order).  The 

discrete probability is based on a normal distribution.
7
 

 Step 4 – Rank the parcels with no structure class entry in ascending 

order based on the random number originally used to select the parcels 

for field survey. 

 Step 5 – Assign the populated structure class to these parcels. 

Structure Quality Class 

In the ParcelQuest database, some parcels had an entry for the structure 

quality class in numerical values (from zero to 10) that did not match 

definitions from Marshall & Swift.  Also, some of the parcels did not have 

an entry for structure quality class.  For each county, @RISK was used to 

populate parcels that were missing structure quality class entries, as 

follows: 

 Step 1 – For surveyed parcels with a ParcelQuest entry for structure 

quality class, correlate the structure quality in the Marshall & Swift 

scale to the ParcelQuest numerical entry (e.g., for Butte County, 

“cheap/minimal” for zero through 2, “low cost” for 2.5 through 3.5, 

“average” for 4 through 7.5, “good” for 8 through 9, and “excellent” for 

9.5 and 10). 

 Step 2 – For parcels with a numerical entry for structure quality class, 

identify the corresponding Marshall & Swift quality. 

 Step 3 – Use the survey results and the translated Marshall & Swift 

quality to identify the distribution. 

 Step 4 – Use @RISK software to populate discrete entries for parcels 

without a quality class (based on the random number, originally used to 

select the parcels for field survey, in an ascending order).  The discrete 

probability is based on a normal distribution. 

                                                        
7
 All mobile homes were assigned a “D” building class to accurately reflect mobile home 
construction. 
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 Step 5 – Rank the parcels without a quality entry in an ascending order 

based on the random number originally used to select the parcels for 

field survey. 

 Step 6 – Assign the populated structure quality class to these parcels. 

Number of Stories 

In the ParcelQuest database, some of the parcels do not have an entry for 

the number of stories.  For each county, @RISK was used to populate the 

parcels that were missing number of stories data, as follows: 

 Step 1 – Add or modify the number of stories entries for parcels where 

the survey was conducted. 

 Step 2 – Use the survey results and available ParcelQuest records to 

identify the distribution. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without the stories class (based on the random number in an ascending 

order).  The discrete probability is based on a normal distribution. 

 Step 4 – Rank the parcels without the number of stories entry in an 

ascending order based on the random number, originally used to select 

the parcels for field survey. 

 Step 5 – Assign the populated number of stories to these parcels. 

Depreciation Percentage 

In the ParcelQuest database, no parcels have an attribute for depreciation.  

For each county, @RISK was used to populate the depreciation attribute 

for parcels for which no survey was conducted as follows: 

 Step 1 – Add depreciation entry for parcels for which a survey was 

conducted. 

 Step 2 – Use survey values to identify the distribution with an 

increment of 5 percent. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without depreciation (based on the random number, originally used to 

select the parcels for field survey, in an ascending order).  The discrete 

probability is based on a normal distribution. 
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 Step 4 – Rank parcels without a depreciation entry in an ascending 

order based on the random number originally used to select the parcels 

for field survey. 

 Step 5 – Assign the populated depreciation to these parcels. 

Foundation Height 

In the ParcelQuest database, there is no attribute for foundation height for 

all parcels.  For each county, @RISK was used to populate the foundation 

height for parcels for which no survey was conducted as follows: 

 Step 1 – Add a foundation height entry for parcels for which a survey 

was conducted. 

 Step 2 – Use the survey values to identify the distribution with an 

increment of 0.5 feet. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without a foundation height (based on the random number, originally 

used to select the parcels for field survey, in an ascending order).  The 

discrete probability is based on a normal distribution. 

 Step 4 – Rank parcels without a foundation height entry in an 

ascending order based on the random number originally used to select 

the parcels for field survey. 

 Step 5 – Assign the populated foundation height to these parcels. 

3.7.4 Building Cost per Square Foot 

For the CVFPP economic evaluation, the cost per square foot of a new 

building was identified based on a combination of its occupancy type, 

construction class, and structure quality, and the October 2010 price level 

of the cost per square foot.  This price level was developed from the third 

quarter, October 2010, edition of Marshall & Swift and was adjusted based 

on the current cost multiplier and local multiplier.
8
  Appendix B documents 

the costs per square foot for all buildings applicable to the CVFPP analysis.  

Table 3-8 is an excerpt of the M&S table for the commercial retail 

occupancy type. 

  

                                                        
8
 Aggregate California local multiplier was used to bring prices to October 2010 levels in all 
impact areas because Marshall Valuation Service does not provide local multipliers for 
every locality within the CVFPP planning areas. 
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Table 3-8.  Excerpt of Marshall & Swift Table for Commercial Retail 
Occupancy Type – Building Cost per Square Foot 

Structure 
Class 

Construction Quality 

Excellent Good Average 
Low 
Cost 

Cheap/ 

Minimal 

A $147.44 $110.63 $87.06 $66.18 N/A 

B $144.68 $107.96 $84.60 $63.97 N/A 

C $122.02 $90.08 $68.44 $49.27 N/A 

D $118.63 $87.07 $65.84 $47.07 N/A 

S N/A $85.05 $63.15 $44.22 N/A 

Sources: M&S 2010a  

Note: Expiration Date: April 2010 
Key: N/A = not available 

Since @Risk was used to populate data not available from the original 

ParcelQuest database, a combination of populated features might result in a 

structure that cannot be identified by Marshall & Swift.  In such cases, unit 

cost for structures with features closest to the combination was used to 

represent the unit cost.  For example, if populating data with @Risk 

resulted in an auto facility (commercial category) of Class A in 

construction and low cost in construction quality, such a structure cannot 

be identified in the Marshall Valuation Service.  Therefore, the unit cost for 

an auto facility of Class A in construction and average in construction 

quality was used (Table 3-9) to represent an auto facility of Class A in 

construction and low cost in construction quality. 

For each of the five structure categories, the cost-per-square-foot values for 

miscellaneous buildings were determined by taking the average cost per 

square foot of their respective categories in the entire river basin.  For 

example, the cost per square foot for miscellaneous commercial buildings 

in Sacramento County was determined by taking the average cost per 

square foot of all commercial buildings in the Sacramento River Basin. 

3.7.5 Estimate of Structure and Contents Value 

After identifying the cost per square foot for new construction, the structure 

value was estimated by multiplying the per-square-foot cost by the total 

square footage of the building.  The depreciated replacement value was 

calculated by deducting the depreciation percentage from the structure 

value as new. 

The contents value inside of the structure was estimated in HEC-FDA as a 

function of the structure value, by multiplying the depreciated replacement 

value by the contents-to-structure ratio.  These ratios were from the 
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USACE American River Watershed Project, Folsom Dam Modifications 

and Folsom Dam Raise Project Final Economic Reevaluation Report 

(USACE, 2008b).  Because of the nature of the building usage, this 

contents-to-structure ratio varies with occupancy type, as shown in Table 

3-10. 

Table 3-9.  Modified Cost per Square Foot for Commercial Auto 
Facility 

Structure 
Class 

Construction Quality 

Excellent Good Average 
Low 
Cost 

Cheap/ 

Minimal 

A N/A N/A $70.38 $70.38* N/A 

B N/A N/A $70.38 N/A N/A 

C $92.93 $65.37 $47.31 $34.42 N/A 

D N/A $56.85 $41.65 $30.68 N/A 

S N/A $55.47 $40.10 $29.15 N/A 

Sources: M&S 2010a 

Notes: 
* Number for Class A and average construction quality was used to represent this 
category because a structure of this category cannot be identified in Marshall 

Valuation Service.  Expiration Date: January 2012 

Key: 

N/A = Not available 

The structure and contents values of buildings in the Sacramento River 

Basin are shown in Tables 3-11 and 3-12, respectively.  In the Sacramento 

River Basin, SAC63 (Sacramento South) has the highest structure values 

($15.1 billion) and contents values ($7.7 billion), followed by SAC36 

(Natomas) and SAC25 (Yuba City).  Total structure and contents values in 

the Sacramento River Basin are $33.2 billion and $17.2 billion, 

respectively. 

The structure and contents values of structures in the San Joaquin River 

Basin are shown in Tables 3-13 and 3-14, respectively.  In the San Joaquin 

River Basin, SJ34 (French Camp) has the highest structure values ($778 

million) and contents values ($395 million), followed by SJ33 

(Lathrop/Sharpe) with $667 million in structure values and $341 million in 

contents values.  Total structure and contents values in the San Joaquin 

River Basin are $2.9 billion and $1.6 billion, respectively. 

The structure and contents values of structures in the Stockton area are 

included in Tables 3-13 and 3-14, respectively.  In the Stockton area, 

STK10 has the highest structure values ($3.1 billion) and contents values 

($1.6 billion).  Total structure and contents values in the Stockton area are 

$7.0 billion and $3.6 billion, respectively. 
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3.7.6 Structure and Contents Damage Function 

To determine structure and contents damages under different flood depths, 

HEC-FDA selects a damage function based on the number of stories and 

occupancy type of a building.  The damage percent is then identified based 

on the water depth above the foundation of the building (positive represents 

a water depth higher than the foundation and vice versa).  Figure 3-9 is an 

example of the structure damage functions for a one-story public 

recreational building; the greater the water depth, the larger the percent of 

structure damage.  The contents value of the building is calculated in a 

similar manner, but the damage function is used for structure contents.  

Appendix C documents the structure damage functions, as well as contents 

damage functions, for this CVFPP economic flood damage analysis.  These 

damage functions are from the USACE American River Watershed Project, 

Folsom Dam Modifications and Folsom Dam Raise Project Final 

Economic Reevaluation Report (USACE, 2008b). 
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Table 3-10.  Contents-to-Structure Ratio 

Occupancy 
Type 

Description Ratio 
Occupancy 

Type 
Description Ratio 

C-RET1 Retail – one-story 51% I-LT1 
Light industrial – one-
story 

188% 

C-RET2 Retail – two-story 47% I-LT2 
Light industrial – two-
story 

126% 

C-DEAL1 
Full service auto 
dealership - one-story 

69% I-HV1 
Heavy manufacturer – 
one-story 

31% 

C-DEAL2 
Full service auto 
dealership - two-story 

69% I-HV2 
Heavy manufacturer – 
two-story 

20% 

C-FURN1 Furniture store – one-story 55% I-WH1 Warehouse – one-story 89% 

C-FURN2 Furniture store – two-story 36% I-WH2 Warehouse – two-story 85% 

C-HOS1 Hospital – one-story 92% P-CH1 Church – one-story 20% 

C-HOS2 Hospital – two-story 87% P-CH2 Church – two-story 17% 

C-AUTO1 Auto sales – one-story 62% P-GOV1 
Government building – 
one-story 

35% 

C-AUTO2 Auto sales – two-story 62% P-GOV2 
Government building – 
two-story 

26% 

C-HOTEL1 Hotel – one-story 69% P-REC1 
Recreation/assembly – 
one-story 

132% 

C-HOTEL2 Hotel – two-story 69% P-REC2 
Recreation/assembly – 
two-story 

58% 

C-FOOD1 Food-retail – one-story 42% P-SCH1 School – one-story 38% 

C-FOOD2 Food-retail – two-story 43% P-SCH2 School – two-story 32% 

C-RESTFF1 
Fast food restaurant – one-
story 

42% SFRB1 
Single-family – one-
story with basement 

50% 

C-RESTFF2 
Fast food restaurant – two-
story 

42% SFRB2 
Single-family – two-story 
with basement 

50% 

C-GROC1 Grocery store – one-story 106% SFRBS 
Single-family split with 
basement 

50% 

C-GROC2 Grocery store – two-story 106% SFR1 
Single-family – one-
story 

50% 

C-MED1 Medical – one-story 148% SFR2 Single-family – two-story 50% 

C-MED2 Medical – two-story 121% SFRS Single-family split 50% 

C-OFF1 Office – one-story 34% MFR1 Multi-family – one-story 50% 

C-OFF2 Office – two-story 28% MFR2 Multi-family – two-story 50% 

C-SHOP1 
Shopping center – one-
story 

67% MH Mobile Home 50% 

C-SHOP2 
Shopping center – two-
story 

54% MISC-COM1 
Miscellaneous 
commercial – one-story 

* 

C-REST1 Restaurant – one-story 134% MISC-COM2 
Miscellaneous 
commercial – two-story 

* 

C-REST2 Restaurant – two-story 118% MISC-IND1 
Miscellaneous industrial 
– one-Story 

* 
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Table 3-10.  Contents-to-Structure Ratio (contd.) 

Occupancy 
Type 

Description Ratio 
Occupancy 

Type 
Description Ratio 

C-SERV1 Auto service – one-story 193% MISC-IND2 
Miscellaneous industrial 
– two-story 

* 

C-SERV2 Auto service – two-story 193% MISC-PUB1 
Miscellaneous public – 
one-story 

* 

ELDER1* 
Miscellaneous commercial 
– one-story 

* MISC-PUB2 
Miscellaneous public – 
two-story 

* 

ELDER2* 
Miscellaneous commercial 
two-story 

* MISC-RES1 
Miscellaneous 
residential – one-story 

* 

FIRE1 
Government building – 
one-story 

35% MISC-RES2 
Miscellaneous 
residential – two-story 

* 

FIRE2 
Government building – 
two-story 

26%    

Note: 

*Structure and contents values for miscellaneous categories are calculated based on the distribution of occupancy 
types and therefore vary between each damage area. 
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Table 3-11.  Structure Depreciated Replacement Values in 2010 October 
$1,000 – Sacramento River Basin 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC01 
Woodson Bridge 
East 

788 583 0 10,328 11,699 

SAC02 
Woodson Bridge 
West 

616 157 0 4,089 4,862 

SAC03 Hamilton City 6,757 0 4,033 33,539 44,330 

SAC04 Capay 602 1,604 5,971 1,406 9,582 

SAC05 Butte Basin 377 2,878 5,952 21,713 30,920 

SAC06 Butte City 1,135 25 0 1,857 3,017 

SAC07 Colusa Basin North 8,373 1,399 15,649 51,392 76,814 

SAC08 Colusa 41,522 1,780 10,174 143,530 197,006 

SAC09 Colusa Basin South 3,802 7,110 10,556 39,095 60,563 

SAC10 Grimes 1,117 0 983 6,723 8,823 

SAC11 RD 1500 West 1,259 654 4,090 7,118 13,120 

SAC12 Sycamore Slough 0 0 0 131 131 

SAC13 Knight's Landing 10,215 5,316 1,596 36,091 53,219 

SAC14 Ridge Cut (North) 0 0 30 138 169 

SAC15 Ridge Cut (South) 0 0 0 1,020 1,020 

SAC16 RD 2035 315 14,691 1,139 7,077 23,222 

SAC17 East of Davis 944 3,070 3,403 187,435 194,852 

SAC18 Upper Honcut 1,302 55 0 11,908 13,265 

SAC20 Gridley 51,396 12,784 546 188,162 252,889 

SAC21 Sutter Buttes East 9,172 32,208 11,964 137,974 191,318 

SAC22 Live Oak 11,916 4,882 23,333 188,644 228,775 

SAC23 Lower Honcut 104 3,319 2,432 41,692 47,546 

SAC24 Levee District No.1 8,011 2,286 21,322 162,809 194,429 

SAC25 Yuba City 384,626 89,143 108,676 2,062,691 2,645,136 

SAC26 Marysville 58,704 18,512 32,344 280,785 390,345 

SAC27 Linda-Olivehurst 88,435 21,974 15,834 670,612 796,855 

SAC28 RD 784 2,460 344 5,128 312,281 320,214 

SAC29 Best Slough 161 36 924 13,005 14,126 

SAC30 RD 1001 1,037 1,387 13,072 28,272 43,768 

SAC32 RD 70-1660 0 808 4,452 11,377 16,637 

SAC33 Meridian 594 681 881 8,397 10,552 

SAC34 RD 1500 East 1,599 1,849 6,054 7,272 16,773 

SAC35 Elkhorn 414 0 655 3,857 4,926 

SAC36 Natomas 166,186 84,924 752,590 2,628,562 3,632,262 

SAC37 Rio Linda 19,253 58,460 347,938 519,191 944,843 

SAC38 West Sacramento 281,448 432,103 17,229 523,871 1,254,650 
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Table 3-11.  Structure Depreciated Replacement Values in 2010 October  
$1,000 – Sacramento River Basin (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC39 RD 900 17,667 53,677 7,721 1,062,248 1,141,313 

SAC40 Sacramento North 377,472  161,251  608,956  1,258,308  2,405,988  

SAC41 RD 302 0 0 598 3,272 3,870 

SAC42 RD 999 1,821 2,755 192 15,408 20,176 

SAC43 Clarksburg 6,928 2,770 527 20,545 30,770 

SAC44 Stone Lake 31,858 5,271 331,873 1,707,428 2,076,430 

SAC45 Hood 963 4,545 14,635 4,814 24,957 

SAC46 Merritt Island 0 0 0 5,426 5,426 

SAC47 RD 551 0 4,637 7,721 5,697 18,055 

SAC48 Courtland 2,055 1,619 10,496 5,657 19,828 

SAC49 Sutter Island 0 0 1,831 1,110 2,941 

SAC50 Grand Island 3,396 362 12,826 31,795 48,378 

SAC51 Locke 7,550 768 32,644 3,160 44,123 

SAC52 Walnut Grove 14,123 6,566 34,266 8,897 63,853 

SAC53 Tyler Island 436 2,583 1,162 376 4,557 

SAC54 Andrus Island 26,197 6,790 82,877 32,346 148,209 

SAC55 Ryer Island 0 0 73 5,013 5,086 

SAC56 Prospect Island 0 0 253 0 253 

SAC57 Twitchell Island 0 0 13,479 375 13,854 

SAC58 Sherman Island 343 0 49,147 3,100 52,589 

SAC59 Moore 0 0 4 3,258 3,262 

SAC60 Cache Slough 0 1,025 99 3,203 4,327 

SAC61 Hastings 0 0 0 578 578 

SAC62 Lindsey Slough 3,806 9,487 956 166,792 181,040 

SAC63 Sacramento South 1,502,804  792,463  3,398,289  9,431,240  15,124,796  

Grand Total 
Commercial Industrial Public Residential Total 

3,162,059 1,861,594 6,039,573 22,134,088 33,197,315 

Key: 

RD = Reclamation District 
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Table 3-12.  Building Contents Costs in 2010 October $1,000 – Sacramento River Basin 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC01 
Woodson Bridge 
East 

535 221 0 5,164 5,920 

SAC02 
Woodson Bridge 
West 

334 295 0 2,045 2,674 

SAC03 Hamilton City 4,262 0 1,550 16,769 22,582 

SAC04 Capay 309 1,196 2,295 703 4,503 

SAC05 Butte Basin 257 710 2,599 10,856 14,423 

SAC06 Butte City 764 22 0 929 1,715 

SAC07 Colusa Basin North 4,813 2,536 7,386 25,696 40,430 

SAC08 Colusa 25,535 3,124 3,203 71,765 103,627 

SAC09 Colusa Basin South 2,224 10,751 4,350 19,547 36,872 

SAC10 Grimes 835 0 323 3,361 4,519 

SAC11 RD 1500 West 647 715 1,360 3,559 6,281 

SAC12 Sycamore Slough 0 0 0 65 65 

SAC13 Knight's Landing 8,010 5,547 1,082 18,046 32,685 

SAC14 Ridge Cut (North) 0 0 40 69 109 

SAC15 Ridge Cut (South) 0 0 0 510 510 

SAC16 RD 2035 107 13,200 638 3,539 17,483 

SAC17 East of Davis 1,059 5,713 1,715 93,718 102,205 

SAC18 Upper Honcut 1,240 17 0 5,954 7,211 

SAC20 Gridley 46,918 7,526 510 94,081 149,035 

SAC21 Sutter Buttes East 6,422 11,927 4,617 68,987 91,953 

SAC22 Live Oak 6,847 4,176 7,497 94,322 112,842 

SAC23 Lower Honcut 69 5,778 798 20,846 27,491 

SAC24 Levee District No.1 4,320 1,962 7,866 81,405 95,553 

SAC25 Yuba City 201,399 94,602 36,449 1,031,345 1,363,795 

SAC26 Marysville 37,883 22,315 12,189 140,392 212,780 

SAC27 Linda-Olivehurst 41,889 17,991 7,485 334,969 402,334 

SAC28 RD 784 1,649 494 1,735 156,141 160,019 

SAC29 Best Slough 70 45 542 6,503 7,159 

SAC30 RD 1001 543 1,013 4,710 14,136 20,401 

SAC32 RD 70-1660 0 1,177 1,552 5,689 8,418 

SAC33 Meridian 625 584 484 4,198 5,892 

SAC34 RD 1500 East 789 1,586 2,078 3,636 8,090 

SAC35 Elkhorn 194 0 516 1,929 2,639 

SAC36 Natomas 89,538 87,252 335,047 1,314,281 1,826,117 

SAC37 Rio Linda 13,455 70,446 111,094 259,596 454,591 

SAC38 West Sacramento 199,776 451,815 8,779 261,935 922,304 
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Table 3-12.  Building Contents Costs in 2010 October $1,000 – Sacramento  
River Basin (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC39 RD 900 12,533 51,074 6,481 531,124 601,212 

SAC40 Sacramento North 204,151 208,392 211,411 629,154 1,253,107 

SAC41 RD 302 0 0 237 1,636 1,873 

SAC42 RD 999 1,099 4,828 67 7,704 13,698 

SAC43 Clarksburg 4,784 2,961 256 10,272 18,274 

SAC44 Stone Lake 18,076 5,496 157,399 853,714 1,034,686 

SAC45 Hood 405 7,552 4,298 2,407 14,661 

SAC46 Merritt Island 0 0 0 2,713 2,713 

SAC47 RD 551 0 4,569 2,521 2,848 9,938 

SAC48 Courtland 2,415 2,264 3,647 2,829 11,155 

SAC49 Sutter Island 0 0 639 555 1,194 

SAC50 Grand Island 3,038 680 3,810 15,897 23,424 

SAC51 Locke 3,868 767 12,148 1,580 18,363 

SAC52 Walnut Grove 7,500 7,850 13,232 4,449 33,030 

SAC53 Tyler Island 214 3,213 399 188 4,014 

SAC54 Andrus Island 14,316 10,876 25,387 16,173 66,752 

SAC55 Ryer Island 0 0 25 2,506 2,532 

SAC56 Prospect Island 0 0 88 0 88 

SAC57 Twitchell Island 0 0 4,666 187 4,854 

SAC58 Sherman Island 149 0 15,720 1,550 17,419 

SAC59 Moore 0 0 1 1,629 1,630 

SAC60 Cache Slough 0 1,924 71 1,601 3,596 

SAC61 Hastings 0 0 0 289 289 

SAC62 Lindsey Slough 1,897 15,765 334 83,396 101,392 

SAC63 Sacramento South 848,709 1,014,337 1,122,307 4,715,620 7,700,973 

Grand Total 
Commercial Industrial Public Residential Total 

1,826,469 2,167,284 2,155,632 11,066,707 17,216,093 

Note: 
RD = Reclamation District 
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Table 3-13.  Structure Depreciated Replacement Values in 2010 October $1,000 – San 
Joaquin River Basin and Stockton Area 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ01 Fresno 3,494 20,646 2,383 51,653 78,175 

SJ02 Fresno Slough East 0 3,314 1,050 8,574 12,938 

SJ03 Fresno Slough West 427 0 0 3,554 3,981 

SJ04 Mendota 569 3,961 516 22,300 27,347 

SJ05 Chowchilla Bypass 0 0 0 3,221 3,221 

SJ06 Lone Willow Slough 0 0 0 10,794 10,794 

SJ07 Mendota North 0 0 0 531 531 

SJ08 Firebaugh 16,000 4,990 4,773 106,881 132,645 

SJ09 Salt Slough 2,898 1,927 36,762 81,569 123,156 

SJ10 Dos Palos 8,778 368 10,898 68,998 89,043 

SJ11 Fresno River 0 0 0 506 506 

SJ12 Berenda Slough 61 863 0 12,159 13,083 

SJ13 Ash Slough 16 590 0 5,946 6,553 

SJ14 Sandy Mush 0 0 1,216 1,117 2,333 

SJ15 Turner Island 0 0 0 1,900 1,900 

SJ16 Bear Creek 98 85 1,218 3,474 4,876 

SJ17 Deep Slough 0 0 1,095 557 1,652 

SJ18 West Bear Creek 0 0 7,871 0 7,871 

SJ19 Fremont Ford 98 689 1,636 12,420 14,844 

SJ20 Merced River 0 499 1,519 9,333 11,352 

SJ21 Merced River North 91 3,204 1,689 35,451 40,436 

SJ22 Orestimba 257 160 1,675 19,474 21,566 

SJ23 Tuolumne South 0 0 723 4,887 5,610 

SJ24 Tuolumne River 2,978 1,944 462 38,262 43,646 

SJ25 Modesto 12,218 119,673 7,568 178,699 318,158 

SJ26 Three Amigos 427 0 511 2,213 3,150 

SJ27 Stanislaus South 0 0 1,688 4,759 6,446 

SJ28 Stanislaus North 1,886 112 3,076 122,176 127,249 

SJ29 Banta Carbona 65 158 732 19,630 20,585 

SJ30 Paradise Cut 479 262 465 14,109 15,315 

SJ31 Stewart Tract 648 34 305 459 1,446 

SJ32 East Lathrop 2,981 2,609 468 4,159 10,217 

SJ33 Lathrop/Sharpe 16,618 3,609 6,073 640,822 667,121 

SJ34 French Camp 8,524 2,204 2,049 765,390 778,167 

SJ35 Moss Tract 7,238 3,641 1,150 250,731 262,759 

SJ36 Roberts Island 0 45 763 11,123 11,931 



 3.0 Flood Damage Analysis Methodology 

January 2012 3-41 
Public Draft 

Table 3-13.  Structure Depreciated Replacement Values in 2010 October $1,000 – San 
Joaquin River Basin and Stockton Area (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ37 
Rough and Ready 
Island 

0 106 245 0 351 

SJ38 Drexler Tract 559 34 69 1,562 2,224 

SJ39 Union Island 0 86 182 2,310 2,578 

SJ40 Union Island Toe 0 0 0 795 795 

SJ41 Fabian Tract 516 0 210 1,340 2,066 

SJ42 RD 1007 14,693 864 2,161 20,377 38,094 

SJ43 Grayson 179 0 515 11,640 12,334 

STK01 Lower Roberts Island 0 36  4,357 2,865 7,259 

STK06 Stockton East 2,322  2,959  38,781 11,129 20,227 

STK07 Calaveras River 88,182  529  38,049 1,783,018 1,909,778 

STK08 Bear Creek South 6,267  457  23,003 1,146,374 1,176,100 

STK09 Bear Creek North 3,594  653  37,744 757,570 799,562 

STK10 Central Stockton 186,179  42,523  150,746 2,682,835 3,062,284 

Grand Total: 
Commercial Industrial Public Residential Total 

389,340 223,834 396,396 8,939,646 9,914,255 

Note: 
RD = Reclamation District 
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Table 3-14.  Building Contents Costs in 2010 October $1,000 – San Joaquin River Basin 
and Stockton Area 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ01 Fresno 1,920 38,635 2,970 25,826 69,352 

SJ02 Fresno Slough East 0 6,220 1,389 4,287 11,895 

SJ03 Fresno Slough West 219 0 0 1,777 1,997 

SJ04 Mendota 302 3,544 104 11,150 15,100 

SJ05 Chowchilla Bypass 0 0 0 1,611 1,611 

SJ06 Lone Willow Slough 0 0 0 5,397 5,397 

SJ07 Mendota North 0 0 0 265 265 

SJ08 Firebaugh 9,556 5,972 1,361 53,441 70,329 

SJ09 Salt Slough 1,483 3,164 22,705 40,784 68,135 

SJ10 Dos Palos 4,553 662 3,624 34,499 43,338 

SJ11 Fresno River 0 0 0 253 253 

SJ12 Berenda Slough 65 1,374 0 6,080 7,519 

SJ13 Ash Slough 31 1,107 0 2,973 4,112 

SJ14 Sandy Mush 0 0 491 559 1,050 

SJ15 Turner Island 0 0 0 950 950 

SJ16 Bear Creek 50 160 425 1,737 2,373 

SJ17 Deep Slough 0 0 441 278 719 

SJ18 West Bear Creek 0 0 2,746 0 2,746 

SJ19 Fremont Ford 50 1,294 571 6,210 8,125 

SJ20 Merced River 0 937 530 4,667 6,134 

SJ21 Merced River North 47 2,733 576 17,725 21,081 

SJ22 Orestimba 167 300 620 9,737 10,825 

SJ23 Tuolumne South 0 0 328 2,443 2,771 

SJ24 Tuolumne River 2,655 609 144 19,131 22,538 

SJ25 Modesto 12,294 123,435 2,661 89,349 227,739 

SJ26 Three Amigos 189 0 178 1,106 1,474 

SJ27 Stanislaus South 0 0 589 2,379 2,968 

SJ28 Stanislaus North 1,164 186 1,386 61,088 63,824 

SJ29 Banta Carbona 57 267 358 9,815 10,496 

SJ30 Paradise Cut 271 492 263 7,055 8,081 

SJ31 Stewart Tract 596 28 135 229 989 

SJ32 East Lathrop 3,658 4,348 166 2,080 10,251 

SJ33 Lathrop/Sharpe 14,152 4,083 2,358 320,411 341,004 

SJ34 French Camp 7,786 3,736 889 382,695 395,107 

SJ35 Moss Tract 6,968 5,396 436 125,365 138,164 

SJ36 Roberts Island 0 40 436 5,562 6,037 

SJ37 
Rough and Ready 
Island 

0 139 81 0 220 
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Table 3-14.  Building Contents Costs in 2010 October $1,000 – San 
Joaquin River Basin and Stockton Area (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ38 Drexler Tract 644 30 24 781 1,479 

SJ39 Union Island 0 161 67 1,155 1,382 

SJ40 Union Island Toe 0 0 0 397 397 

SJ41 Fabian Tract 503 0 188 670 1,360 

SJ42 RD 1007 10,181 1,411 1,087 10,188 22,867 

SJ43 Grayson 185 0 168 5,820 6,173 

STK01 Lower Roberts Island 0 68 1,499 1,433 3,000 

STK06 Stockton East 2,775 4,481 1,476 5,565 14,298 

STK07 Calaveras River 39,710 518 25,034 891,509 956,771 

STK08 Bear Creek South 4,898 686 11,080 573,187 589,850 

STK09 Bear Creek North 2,036 870 20,758 378,785 402,447 

STK10 Central Stockton 154,353 59,899 68,055 1,341,417 1,623,724 

 
Commercial Industrial Public Residential Total 

Grand Total  283,516 276,985 178,397 4,469,821 5,208,718 

Note: 
RD = Reclamation District 

 
Figure 3-9.  Damage Functions for Contents and 
Structures of One-Story Public Recreational Buildings 
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3.8 Crop Flood Damage Analysis 

Of the total 2.2 million acres of the CVFPP HEC-FDA planning area 

(floodplains) in the Sacramento and San Joaquin river basins, about 1.6 

million acres are irrigated crop land.  Crop flood damages under the 

CVFPP No Project condition were evaluated using the same approach as in 

the Comprehensive Study (i.e., using the Comprehensive Study Ag damage 

spreadsheet as the tool to estimate damage values for the Sacramento and 

San Joaquin river basins (USACE, 2010b).  Flood events evaluated were 

for AEPs of 10, 2, 1, .5, and .2 percent (i.e., 10-, 50-, 100-, 200-, and 500-

year floods). 

In the Comprehensive Study Ag damage spreadsheet, a table for each 

HEC-FDA damage area calculates crop flood damage (USACE, 2010b).  

The May 2010 DWR GIS landuse dataset for Central Valley landuse 

conditions was laid over the derived flood depth grid (the same dataset 

used for the structure damage analysis and derived from the 

Comprehensive Study flood depth grid data, as described previously) to 

calculate total inundated acreage for different crops under each flood event.  

The Comprehensive Study Ag damage spreadsheet was next used to 

estimate total damages for each damage area by multiplying the inundated 

acreages with the updated unit damage cost for each flood event.  Outputs 

from the spreadsheet were used as input to HEC-FDA to calculate the EAD 

for crop damages. 

For each damage area, the crop stage-damage curve for the CVFPP No 

Project condition was developed based on the relationship between river 

stage at the index point (from UNET output and applied in structure 

damage analysis) and total crop damage for the entire damage area under 

different flood events.  The No Project crop stage-damage curves were 

applied in HEC-FDA to calculate the crop damage EAD for all CVFPP 

approaches based on the assumption that this interior-exterior relationship 

remains independent of conditions such as hydrology and levee 

performance. 

3.8.1 Crop Types 

The DWR GIS landuse dataset has a total of 204 different classes of 

agricultural land use, 117 of which can be found in the CVFPP HEC-FDA 

damage areas.  These 117 classes were then categorized into eight land uses 

that could produce 20 different types of crops (see Table 3-15).  (In the 

original Comprehensive Study Ag damage spreadsheet for the Sacramento 

and San Joaquin river basins, there were 19 predominant crop types 

(USACE, 2010b).  For the CVFPP, citrus was added for a total of 20 crop 

types.)  Appendix D documents the complete designation of the DWR 
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landuse classes to the 20 crops for the CVFPP economic flood damage 

analysis. 

For each of the 20 crop types, there are two kinds of unit damage cost per 

acre: one for short-term flood duration (shorter than five days) and one for 

long-term flood duration (longer than five days).  Weighted unit damage 

cost per acre was developed based on the assumed percentage of short- and 

long-term inundation.  Flood duration assumptions were from the 

Comprehensive Study Ag damage spreadsheet (USACE, 2010). 

3.8.2 Crop Assumptions Update 

Values in the Comprehensive Study Ag damage spreadsheets were in 2001 

October dollars; they were updated to present day dollars (i.e., 2010 

October dollars) for the CVFPP using the price adjustment approach 

outlined in the DWR Flood Rapid Assessment Model (F-RAM) 

Development (DWR, 2008).  Also, as mentioned, citrus was added to the 

original Comprehensive Study predominant crop list for a total of 20 crop 

types; thus, income and damage assumptions were developed to calculate 

unit damages for citrus. 

Components of Crop Damage 

Estimates of agricultural damages include cultivation costs (growing costs), 

harvest costs, establishment costs, land cleanup and rehabilitation costs, 

and loss of gross income: 

 Cultivation costs were obtained from the University of California, 

Davis (UC Davis), Department of Agricultural and Resource 

Economics.  These typically include costs such as subsoil treatment, 

irrigation, weed control, pest control, and fertilization, as well as other 

costs that are more crop-specific (UC Davis, 2010). 

 Harvest/post-harvest costs were obtained from the UC Davis 

Department of Agricultural and Resource Economics.  These include 

costs related to harvesting, and typically include costs such as cutting, 

hauling, and packing (UC Davis, 2010). 

 Establishment costs were obtained from the UC Davis Department of 

Agriculture and Resource Economics.  These are costs necessary to 

completely reestablish a crop that has been severely damaged (e.g., if a 

flood duration is longer than five days for some crops or three days for 

alfalfa) and must be replanted or reseeded and regrown.  Establishment 

costs would be especially high for crops that need more than one year 

to mature in order to be harvested, such as orchard crops.  

Establishment costs typically include expenses such as land 

preparation, planting, production expenses, and cash overhead for 
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growing the crops through the first year of viable harvest (UC Davis, 

2010). 

 Land cleanup and rehabilitation costs are added as a fixed cost to each 

estimate.  These costs are assumed to be the same for all crops (UC 

Davis, 2010). 

 

Table 3-15.  Crop Types and Unit Damage Costs for CVFPP Flood 
Damage Analysis 

Crop Types Products 

Sacramento 
Valley 

(damage/acre in 
2010 October 

dollars) 

San Joaquin 
Valley 

(damage/acre in 
2010 October 

dollars) 

Short-
Term

1
 

Long-
Term

2
 

Short-
Term

1
 

Long-
Term

2
 

Citrus Oranges 222 3,463 222 3,463 

Fruit and 
Nuts 

Almonds 1,320 4,819 1,387 4,819 

Walnuts 739 4,120 820 4,176 

Peaches 1,257 6,181 1,381 6,425 

Pears 2,514 9,777 2,619 9,917 

Prunes 594 4,819 684 4,889 

Field 

Cotton 497 497 654 654 

Beans 342 363 397 448 

Safflower 337 373 387 427 

Wheat 489 508 506 511 

Corn 361 361 391 391 

Pasture and 
Alfalfa 

Pasture 419 698 394 752 

Alfalfa 547 1,057 608 1,085 

Rice Rice 323 323 372 376 

Truck 
Melons 652 652 700 700 

Tomatoes 947 947 1,205 1,205 

Vine Wine grapes 824 6,076 905 6,285 

Other 

Idle 291 291 291 291 

Semi agricultural 291 291 291 291 

Native vegetation 145 145 145 145 

Notes: 
1
 Inundation shorter than 5 days.  

2
 Inundation longer than 5 days. 

Key: 

CVFPP = Central Valley Flood Protection Plan 
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 Gross income from each crop originates from the Agricultural 

Commissioner’s Report for San Joaquin County (UC Davis, 2010). 

Effects of seasonality and flooding duration are considered in the 

computation of agricultural flood damages for each crop (DWR, 2008).  

Monthly data are gathered into a weighted average annual damage estimate 

based on income, costs, probability of flood in that month, and percent of 

damages that would occur if there were a flood. 

Citrus Damage Cost Development 

The 2001 agricultural damage estimates for all crop categories, except 

citrus, were obtained from the Comprehensive Study Ag damage 

spreadsheets (USACE, 2010b).  The agricultural damage estimates for 

citrus crops were calculated using the approach outlined in the F-RAM 

Development (DWR, 2008). 

Gross income for citrus crops was estimated using the income from 

oranges; all values used were obtained from the California Agricultural 

Production Statistics, provided by the California Department of Food and 

Agriculture (CDFA, 2009a and 2009b).  The latest gross-income data 

available were for the 2007 to 2008 period. 

Cultivation cost, harvest/post-harvest cost, and establishment costs were 

obtained from UC Davis (UC AIC, 2009).  The latest agricultural cost data 

available from UC Davis was for 2009; however, the CDFA gross income 

data for 2009 were not available.  The most recent year when both the gross 

income data from CDFA and agricultural cost data from UC Davis were 

available was 2007.  These costs were updated to 2010 October dollars by 

the Prices Paid Multiplier, as described in the next section (CDFA, 2009a 

and 2009b). 

Gross income was obtained by taking the rolling average of dollar value 

per carton from 2003 to 2007 to correct for any cyclical market highs or 

lows; the average was then multiplied by the number of cartons yield per 

acre in 2007: 
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The gross income of citrus crops in 2007 was then updated to 2010 October 

dollars by the Prices Received Multiplier, as described in the next section. 

Price Level Update 

A price index is an indication of how prices have changed over time.  The 

most well-known price index is the Consumer Price Index (CPI).  

However, U.S. Department of Agriculture (USDA) indices are more 

appropriate for agriculture-specific price adjustments.  The latest USDA 

indices available were for 2010. 

USDA indices are separated into different categories.  Table 3-16 

summarizes the placement of each product in its respective USDA category 

and its multipliers for prices paid and received. 

The categories listed in Table 3-16 under Prices Paid Multiplier were used 

to adjust the estimates for (1) cultivation cost, (2) harvest/post-harvest cost, 

(3) establishment cost, and, (4) land cleanup and rehabilitation cost. 

However, USDA indices for agriculture for prices received were used to 

adjust the estimates for gross income.  USDA categories used for the price 

level update can be seen under Price Received Multiplier in Table 3-16. 

To update the dollar values from 2001 to 2010, the same price adjustment 

approach documented in the F-RAM Development was used, as 

summarized below: 

 To correct for cyclical highs or lows, a 5-year moving average was 

calculated for the indices for the period of 2006 through 2010 to 

prevent the data from being skewed when changes from 2001 to 2010 

were made.  However, price indices for the entire year of 2010 were not 

available as this work was being done.  Price indices for the month of 

April were used to match the dollar values of the housing stock. 

 The Prices Paid Multiplier and Price Received Multiplier were 

calculated using the following equation: 

 

 Unit damage cost assumptions from the Comprehensive Study Ag 

damage spreadsheets (USACE, 2010b) for all crops, except citrus, were 

adjusted from 2001 to 2010 dollars using the Prices Paid Multiplier 

only because gross income was a comparatively small part of the entire 

damage. 
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Acreage Update 

Flood depth grid data were obtained from the Comprehensive Study 

FLO-2D modeling.  New interior-exterior stage relationships were derived 

from that data using the new exterior river stages from the CVFPP for flood 

events with AEP of 10, 4, 2, 1, .5, and .2 percent (10-, 25-, 50-, 100-, 200-, 

and 500-year return period) (the same approach described in Section 3).  

The DWR GIS landuse dataset for the Central Valley was overlaid over on 

the new flood depth grid data to calculate the total inundated acreage for 

different crops under each flood event.  Per DWR landuse data, more than 

100 different crops are grown in the SPFC Planning Area.  Each DWR crop 

type was represented by one of the 20 predominant crops types for 

analytical purposes (see Table 3-15). 

Table 3-17 shows total crop acres in the Sacramento River Basin, San 

Joaquin River Basin, and Stockton area, respectively. 

3.9 Business Loss Analysis 

Direct flood damages associated with decreased business activity (business 

losses) caused by flooding were estimated for all affected non-residential 

structures in damage areas. Flooding in damage areas would force some 

businesses to temporarily or permanently close (no permanent closures 

were considered for this analysis), resulting in a decline in business 

production. Expected annual business losses were estimated for both the 

Sacramento and San Joaquin river basins.  Flood events evaluated were for 

AEPs of 10, 2, 1, 0.5, and 0.2 percent (10-, 50-, 100-, 200-, and 500-year 

flood). 

Using the structure inventory (described previously), each non-residential 

structure occupancy type was matched to an Energy Information 

Administration (EIA) business type and associated Damage Analysis for 

PLANning (IMPLAN)
9
 sector, developed for this project, to obtain 

economic output per day values per non-residential structure (EIA, 2006; 

MIG Inc, 2009). 

 

  

                                                        
9
 2009 California County Dataset. The current IMPLAN I-O database and model is 
maintained and sold by MIG Inc. (MIG Inc., 2009) 
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Table 3-16.  Prices Received and Prices Paid Multipliers for Price Level 
Update from 2001 to October 2010 

Product 

Prices Received Prices Paid 

USDA Category 
Prices 

Received 
Multiplier 

USDA 
Category 

Prices 
Paid 

Multiplier 

Alfalfa Feed Grains and Hay 1.8308 Feed 1.5505 

Almonds Fruits and Nuts 1.3817 Commodity 1.3967 

Beans Potatoes and Dry Beans 1.3624 Commodity 1.3967 

Corn Feed Grains and Hay 1.8308 Feed 1.5505 

Cotton Cotton 1.4531 Commodity 1.3967 

Idle All Other Crops 1.1113 Commodity 1.3967 

Melons Commercial Vegetables 1.1308 Commodity 1.3967 

Native Vegetable All Other Crops 1.0716 Commodity 1.3967 

Oranges* Fruits and Nuts 0.9532 Commodity 1.0671 

Pasture Feed Grains and Hay 1.8308 Feed 1.5505 

Peaches Fruits and Nuts 1.3817 Commodity 1.3967 

Pears Fruits and Nuts 1.3817 Commodity 1.3967 

Prunes Fruits and Nuts 1.3817 Commodity 1.3967 

Rice Food Grain 2.1121 Commodity 1.3967 

Safflower Oil-Bearing Crops 1.9975 Commodity 1.3967 

Semi-ag All Other Crops 1.0716 Commodity 1.3967 

Tomatoes Commercial Vegetables 1.1308 Commodity 1.3967 

Walnuts Fruits and Nuts 1.3817 Commodity 1.3967 

Wheat Food Grain 2.1121 Commodity 1.3967 

Wine Grapes Fruits and Nuts 1.3817 Commodity 1.3967 

Source: USDA, 2010 

Note: 

* Multipliers for oranges to adjust price level from 2007 to October 2010. 
Key: 
USDA = U.S. Department of Agriculture 
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Table 3-17.  Total Crop Acres 

Crop 
Type 

Product 
Sacramento 
River Basin 

San Joaquin River 
Basin 

Stockton Area 

Citrus  

 Citrus 2,316 117 42 

Fruit and Nuts 

 Almonds 25,877 29,356 85 

Walnuts 54,491 5,761 1,996 

Peaches 19,616 494 16 

Pears 8,775 1 0 

Prunes 63,777 1,952 1,340 

Subtotal 172,536 37,563 3,437 

Field 

 Cotton 2,321 77,531 0 

Beans 33,904 13,080 620 

Safflower 62,862 10,015 2,378 

Wheat 82,437 33,406 5,275 

Corn 80,186 64,405 3,351 

Subtotal 261,709 198,438 11,624 

Pasture and Alfalfa 

 Pasture 32,934 31,279 1,040 

Alfalfa 35,159 114,797 3,703 

Subtotal 68,093 146,076 4,742 

Rice 

 Rice 284,507 80 0 

Truck 

 Melons 28,717 19,677 4,069 

Tomatoes 56,065 35,295 1,731 

Subtotal 84,782 54,972 5,801 

Vine 

 Wine grapes 13,041 34,716 2,921 

Other 

 Idle 29,912 3,392 896 

Semi-agricultural 7,258 9,071 365 

Native vegetation 153,597 180,550 3,374 

Subtotal 190,767 193,014 4,635 

Total 1,077,751 664,976 33,201 
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Each non-residential structure was matched with the corresponding grid 

from the derived flood depth grid (the same dataset that was used for the 

structure damage analysis and derived from the Comprehensive Study 

flood depth grid data as described previously) to calculate temporary 

business interruption days for each non-residential structure using a depth-

damage function (DDF) provided by the Federal Emergency Management 

Agency (FEMA). Temporary business interruption days for each non-

residential structure were then multiplied by the corresponding economic 

output per day values to calculate economic output losses per non-

residential structure per flood event. Capacity utilization factors were used 

to account for substitute production of unaffected businesses that would be 

able to meet a portion of demand for flooded businesses’ goods and 

services. The economic output losses, or business losses, for each non-

residential structure were then aggregated for each damage area for each 

flood event. 

A business loss stage-damage curve for the No Project condition was 

developed for each damage area based on the relationship of the river stage 

at the index point (from UNET output and applied in the structure damage 

analysis) and total business losses of the entire damage area under different 

flood events.  These No Project business loss stage-damage curves were 

applied in HEC-FDA to calculate the business loss EAD for all CVFPP 

approaches based on the assumptions that this interior-exterior relationship 

remains independent of conditions like hydrology and levee fragility. 

3.9.1 Business Output Relationships Based on Structure 
Inventory 

To estimate total lost business output, it was necessary to estimate the 

relationship between business output/sales and square footage of inundated 

businesses. Information used to estimate this relationship is displayed in 

Table 3-18. 

The number of workers per square foot at affected businesses was 

estimated using data from the EIA
10

. Non-residential occupancy types from 

the structure inventory (described above) were matched with EIA business 

categories, and the square footage of each business was divided by square 

feet per employee to arrive at an estimated number of employees per 

business. Then, business types were matched to IMPLAN sectors 

developed for this project, based on counties that damage area reside, and 

daily production values per employee were taken from IMPLAN per 

                                                        
10 Energy Information Administration (2006). 2003 Commercial Buildings Energy 

Consumption Survey - Building Characteristics Tables, Revised June 2006. Table B1. 
Summary Table: Total and Means of Floorspace, Number of Workers, and Hours of 
Operation for Non-Mall Buildings, 2003. 
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business type. Finally, to obtain daily economic output per business values, 

the estimates of the number of employees per business were multiplied by 

daily output per employee figures estimated in the appropriate IMPLAN 

sector for each affected business. 

3.9.2 Business Interruption Days Based on Depth Grid 

In addition to daily business output relationships, it was also necessary to 

understand the temporal implications of business interruption or days of 

“loss of function”. Business interruption is related to the time period 

businesses are unable to occupy an area and perform economic activities 

that normally would take place if flooding had not occurred. Businesses, 

like local residents, would in many cases be unable to occupy structures 

because of structural damage. Resident displacement was not considered 

for this analysis, and accordingly no change in the demand for business 

production was assumed.  

Each non-residential structure was matched with the corresponding grid 

from the derived flood depth grid (the same dataset that was used for the 

structure damage analysis and derived from the Comprehensive Study 

flood depth grid data as described previously) to calculate temporary 

business interruption days for each non-residential structure using a DDF 

provided by FEMA. Floods evaluated were for AEPs of 10, 2, 1, .5, and .2 

percent (i.e., 10-, 50-, 100-, 200-, and 500-year flood). The DDF relates 

depth of flooding to structure damage and subsequently, business 

interruption. Business interruption time includes periods for dewatering, 

mobilization, building/health inspection, and cleanup. The DDF used is 

shown in Table 3-19. 

Considering the expected flood depth above foundation height, each non-

residential structure’s number of days of business interruption was 

estimated for all five flood frequencies. Business interruption times are 

capped at 365 days for all non-residential structures to avoid 

overestimation of expected business losses. 

3.9.3 Business Loss per Flood Event and Capacity 
Utilization 

For each flood frequency, the number of business interruption days was 

multiplied by the estimated daily production value for each non-residential 

structure, which resulted in the potential lost business output for each flood 

frequency at each non-residential structure. However, it is unlikely that all 

output would be lost in each area because other businesses in the 

unaffected parts of the regions would be able to meet some portion of 

interrupted production. This includes businesses that provide comparable 

services, as well as alternative locations of the same firm within the region. 
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The extent of this substitution effect depends on the excess capacity (e.g., 

ability to increase production) of unaffected businesses in each region. 

Capacity utilization data were obtained from two sources – the Federal 

Reserve and the Institute for Supply Management. The Federal Reserve 

periodically issues a statistical release on industrial production and capacity 

utilization for the United States
11

. Historical estimates issued by the Federal 

Reserve show that capacity utilization has averaged approximately 80.4 

percent between 1972 and 2010 (i.e., industrial production operates at 80.4 

percent of maximum capacity). These data were applied to the light and 

heavy industry land use categories used in this study. For all other 

nonindustrial categories, data from the Institute of Supply Management
12

 

were used, which showed that current nonmanufacturing utilization of 

capacity is approximately 82.9 percent. 

Potential lost business output for each flood frequency at each non-

residential structure was multiplied by the corresponding capacity 

utilization factor, which resulted in business loss estimates for each non-

residential structure for each flood frequency by damage area. Finally, 

estimated business losses across all nonresidential structures were 

aggregated for each flood frequency by damage area to determine a 

business loss frequency-damage curve for each damage area. The 

frequency-damage curves were then input into HEC-FDA, and expected 

annual business losses were estimated for No Project and each approach. 

  

                                                        
11  Federal Reserve. 2011. Industrial Production and Capacity Utilization, Statistical 

Release G.17. August 16, 2011 
12  Institute for Supply Management. 2010. December 2010 Semiannual Economic 

Forecast. Available at: 
< http://www.ism.ws/about/MediaRoom/newsreleasedetail.cfm?ItemNumber=20976> 
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Table 3-18.  Employee and Output (2010 $) Relationships for Non-
Residential Categories 

Non-
Residential 
Category 

Principle Business Categories 
(EIA) 

Square 
Feet Per 

Employee 
(EIA) 

Daily 
Output Per 
Employee 
(IMPLAN) 

C-AUTO Retail (Other than Mall)   1,246 $206  

C-DEAL Retail (Other than Mall)   1,246 $206  

C-FOOD Food Sales   877 $209  

C-FURN Retail (Other than Mall)   1,246 $232  

C-GROC Food Sales   877 $209  

C-HOS Health Care; Inpatient; Outpatient   501 $356  

C-HOTEL Lodging   2,074 $265  

C-MED Health Care; Inpatient; Outpatient   501 $165  

C-OFF Office   434 $324  

C-REST Food Service   528 $159  

C-RESTFF Food Service   528 $159  

C-RET Retail (Other than Mall)   1,246 $115  

C-SERV Service   1,105 $268  

C-SHOP Retail (Enclosed / Strip Malls)   838 $156  

MISC-COM Retail (Other than Mall)   1,246 $115  

IND-HV Other   956 $835  

IND-LT Other   956 $921  

IND-WH Warehouse and Storage   2,306 $272  

MISC-IND Other   956 $272  

PUB-CH Religious Worship   2,200 $98  

PUB-GOV Public Order and Safety; Office   451 $235  

PUB-REC Public Assembly   1,645 $132  

PUB-SCH Education   791 $153  

MISC-PUB Public Assembly   1,645 $235  
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Table 3-19.  Depth-Damage Function: Depth of Flooding versus 
Business Interruption 

Depth of Flooding Relative 
to Structure FFE* (feet) 

Business Interruption 
(days) 

-2 0 

-1 0 

0 0 

1 45 

2 90 

3 135 

4 180 

5 225 

6 270 

7 315 

8 360 

9 405 

10+ 450 

Source: FEMA BCA Tool (v4.5.5)4 (FEMA, 2009) 

Note: 

*FFE is the 1st finished floor elevation. All flood depths are relative to the 
elevation of the FFE. 

3.9.4 Caveats to Business Loss Analysis 

Business losses are measured as gross business output or sales. A more 

appropriate measure of business losses is net income because functional 

downtime reduces costs as well as receipts. Though net income is a more 

appropriate measure of business losses, output per employee values used in 

this analysis are proxy estimates for net income to support approach 

comparison. At feasibility level analyses, avoided business net income 

losses will be calculated to support benefit cost evaluation. 

If a business is flooded it can (1) make up some of the lost business once it 

reopens, (2) relocate to a temporary location and continue business while 

experiencing displacement costs, or (3) go completely out of business. No 

attempt was made to include these factors in the analysis due to 

unavailability of required data and detailed analyses. 

Labor income is a component of business output losses and includes hourly 

wages as well as salary compensation. Salaried employees are likely to be 

paid during short post-disaster business interruptions. Because business 

losses include hourly wages and salary compensation, it may be the case 

that only a portion of salary compensation would be lost and business 

losses may be lower than estimated in this analysis. 
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3.10 Estimate of Emergency Costs 

Emergency costs can be categorized into 18 economic activities that are 

placed into five groups, and each group has either direct or indirect tangible 

damages.  This section gives an overview of the five groups and also 

summarizes the different types and numbers of at-risk infrastructure in the 

Systemwide Planning Area, as well as the at-risk population. 

Much has been researched and documented on direct flood damages.  

However, flood damage data for indirect damages, such as emergency 

costs, are more limited.  Expert-opinion elicitation has been one method 

used to develop emergency costs.  Under the American River Watershed 

Common Features Project, USACE conducted an expert-opinion elicitation 

in March 2009 to derive unit flooding emergency cost and relief. 

The concept of an emergency cost category is only described in this 

attachment; the associated cost calculation could be conducted in the 2017 

CVFPP economic analysis.  It is anticipated that the higher the EAD for a 

region, the emergency costs will be correspondingly higher. 

3.10.1 Emergency Cost Groups 

As mentioned, emergency costs can be categorized into 18 economic 

activities that were placed into five groups (see Table 3-20): 

 Group 1 – Evacuation activities, including evacuation, subsistence, and 

reoccupation; direct tangible damages 

 Group 2 – Debris removal and cleanup; direct tangible damages 

 Group 3 – Public services patronized, including education, public 

agencies, library and indoor recreation facilities, and medical facilities; 

direct tangible damages 

 Group 4 – Public services produced, including police, incarceration, 

fire, legislative, and judicial facilities; indirect tangible damages 

 Group 5 – Public utilities, including telecommunications, electricity, 

gas, water, and wastewater treatment/sewer; direct tangible damages 
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Table 3-20.  Emergency Cost Groups and Categories 

Economic Activities Description 

Group 1: Evacuation Activities 

1. Evacuation Cost of labor, capital, and transportation, for evacuation.  

2. Subsistence 
Cost of housing people in emergency shelters and 
providing food and water; includes housing during 
evacuation. 

3. Reoccupation 
Costs associated with travel time and transportation 
modes to preoccupied destinations. 

Group 2: Debris Removal and Cleanup 

4. Debris activities 
Cost associated with sorting, transporting, processing, 
and disposal of different types of debris. 

Group 3: Public Services Patronized 

5. Education  
Cost to continue schooling in new locations to enable 
the routine mission of education. 

6. Public agencies 
Cost to continue routine services to maintain social 
functions. 

7. Library and indoor recreation 
facilities 

Cost of loss to serving the public’s general information 
and recreational needs.  

8. Medical 

Cost to continue providing routine service to people who 
would have been injured regardless of a flood, at 
unflooded facilities.  Cost of hospital evacuation, 
disaster medical assistance team, and elder care. 

Group 4: Public Services Produced 

9. Police 
Cost to continue routine police services for flooded 
areas and cost to provide emergency flood responses, 
and relocation of facilities, if necessary. 

10. Incarceration 
Cost associated with increased security and different 
transportation modes for evacuation and reoccupation 
of inmates. 

11. Fire 
Cost to continue routine fire services for flooded areas, 
cost to provide emergency flood responses, and 
relocation of facilities, if necessary   

12. Legislative 
Costs associated with temporary facilities, increased 
security needs, and relocation of facilities, if necessary. 

13. Judicial  
Costs associated with temporary facilities, increased 
security needs, and relocation of facilities, if necessary. 

Group 5: Public Utilities 

14. Telecommunications 

Cost associated with increased use of tele-
communication equipment and services to carry out 
routine activities and flood activities. Cost of repairing 
the physical infrastructure of the telecommunications 
utility system. 
Value associated with loss of services. 

15. Electricity 
Cost of repairing the physical infrastructure of the 
electricity distribution utility system. 
Value associated with loss of services. 

16. Gas 
Cost of repairing the physical infrastructure of the gas 
utility system. 
Value associated with loss of services. 

17. Water 
Cost of repairing the physical infrastructure of the water 
distribution utility system. 
Value associated with loss of services. 

18. Wastewater treatment/sewer 
Cost of repairing the physical infrastructure of the 
wastewater treatment/sewer utility system. 
Value associated with loss of services 
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Group 1 – Evacuation Activities 

For evacuation, subsistence, and reoccupation, it is assumed that the 

population number would remain the same (i.e., no deaths would occur), 

and that people would use least-cost alternatives and make rational 

decisions.  The analysis for this category also assumes an orderly 

mandatory evacuation before a flood.  Search and rescue activities would 

be conducted for unevacuated persons, those who declined to evacuate or 

were unable to successfully evacuate during early evacuation efforts. 

Group 2 – Debris Removal and Cleanup 

Under debris removal and cleanup activities, it is assumed that no goods 

would be removed from residences when occupants were evacuated, and 

that no special measures would be taken to reduce debris generation.  

Travel needs would increase during a flood because debris material would 

need to be transported to unflooded destination facilities.  Also, temporary 

structures, such as debris staging areas, would likely be created for flood 

response. 

Group 3 – Public Services Patronized 

For public services such as education, public agencies, library, indoor 

recreation facilities, and medical facilities, it is assumed that the number of 

users would not change, nor would demand for the service, and that lost 

service days would be kept to the minimum of time necessary to restart a 

school.  Operations would be the same before and after flooding. 

For the acute care portion of a hospital, the economic loss also includes 

costs to establish alternative facilities and transfer patient services to 

existing hospitals, as well as the setup cost for a disaster medical assistance 

team and operation costs. 

Group 4 – Public Services Produced 

For police, incarceration, fire, legislative, and judicial services, it is 

assumed that there would be no downscale in operations.  For 

incarceration, it is also assumed that emergency protocols would be made 

before the flood and other incarceration areas would have excess capacity 

to absorb inmates; there would be no decline in employees because of the 

flood; and additional security would be available. 

Group 5 – Public Utilities 

Infrastructure damage costs are determined from the estimated percent of 

damage to each infrastructure component over a square mile for residential, 

commercial, and industrial areas.  It is assumed that demand for utilities 

would remain the same before and after the flood.  Also, a value is 

associated with loss of services due to flood damages to public utilities. 
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4.0 Flood Damage Analysis Results 

Annual exceedence probability or AEP describes the “protection” against 

flooding for an impact area, i.e. the likelihood of being flooded in a given 

year. For example, an impact area with AEP of 6 percent means there is a 6 

percent probability that it will be flooded in any given year. In other words, 

the flooding would occur in 6 years out of 100 on average, or roughly once 

every 17 years. Calculation of AEP considers the stage-frequency curve 

and levee performance curve associated with the impact area. The stage-

frequency curve is conditionally based on hydrology and assumed upstream 

levee performance. Changes in upstream levee performance could result in 

different downstream stage-frequency curves, and thus change the AEP of 

downstream impact areas even without any risk management actions being 

taken for the impact area.  Therefore, AEP is conditioned on the 

performance of the entire system.   

There are other ways besides AEP to characterize “level of protection.”  

For example, communities sometimes have levee systems that provide a 

100-year level of protection in order to meet the minimum standard under 

the National Flood Insurance Program.  In this context, 100-year level of 

protection is not an estimate of the levee’s performance for a given set of 

conditions.  Rather, it is a criteria-based standard under which the levee 

must meet minimum safety factors when subjected to a 100-year (1 percent 

AEP) stage that was developed using conservative assumptions about 

performance of other levees in the region.  The AEP for such a levee would 

typically be much less than 0.01. 

All graphic and tabular results referenced in this section have been placed 

at the end of this section for easier access and readability. 

4.1 No Project Condition 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the No Project condition was calculated for each 

damage area of the Sacramento River Basin, the San Joaquin River Basin, 

and the Stockton area. 

4.1.1 Sacramento River Basin 

Table 4-1 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 
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(Sacramento South) has the highest EAD, followed by SAC25 (Yuba City).  

For crop damages, SAC05 (Butte Basin) has the highest EAD, followed by 

SAC30 (RD 1001).  For business loss damages, SAC63 (Sacramento 

South) has the highest EAD, followed by SAC40 (Sacramento North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches.  For AEP, the larger the number, the 

greater the flood risk to the damage area (i.e., an AEP of 0.10 (10-year 

return period) has a greater flood risk than an AEP of 0.010 (100-year 

return period)). 

4.1.2 San Joaquin River Basin 

Table 4-3 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, STK10 

(Central Stockton) has the highest EAD, followed by SJ33 

(Lathrop/Sharpe). For crop damages, SJ12 (Berenda Slough) has the 

highest EAD, followed by SJ15 (Turner Island). For business loss damages, 

SJ25 (Modesto) has the highest EAD, followed by SJ33 (Lathrop/Sharpe). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 

4.2 Achieve SPFC Design Flow Capacity 
Approach 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the Achieve SPFC Design Flow Capacity 

Approach was calculated for each damage area in the Sacramento and San 

Joaquin river basins and Stockton area. 

4.2.1 Sacramento River Basin 

Table 4-5 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento South) has the highest EAD, followed by SAC36 (Natomas).  

For crop damages, SAC04 (Capay) has the highest EAD, followed by 

SAC35 (Elkhorn).  For business loss damages, SAC63 (Sacramento South) 

has the highest EAD, followed by SAC40 (Sacramento North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 
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4.2.2 San Joaquin River Basin 

Table 4-6 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ34 

(French Camp) has the highest EAD, followed by SJ09 (Salt Slough).  For 

crop damages, SJ09 (Salt Slough) has the highest EAD, followed by SJ20 

(Merced River).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ24 (Tuolumne River). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 

4.3 Protect High Risk Communities 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the Protect High Risk Communities Approach 

was calculated for each damage area in the Sacramento and San Joaquin 

river basins and Stockton area. 

4.3.1 Sacramento River Basin 

Table 4-7 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento North) has the highest EAD, followed by SAC40 (Sacramento 

North).  For crop damages, SAC05 (Butte Basin) has the highest EAD, 

followed by SAC24 (Levee District No.1).  For business loss damages, 

SAC63 (Sacramento South) has the highest EAD, followed by SAC40 

(Sacramento North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 

4.3.2 San Joaquin River Basin 

Table 4-8 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ09 (Salt 

Slough) has the highest EAD, followed by SJ28 (Stanislaus North).  For 

crop damages, SJ12 (Berenda Slough) has the highest EAD, followed by 

SJ15 (Turner Island).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ09 (Salt Slough). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 
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4.4 Enhance Flood System Capacity 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the Enhance Flood System Capacity Approach 

was calculated for each damage area in the Sacramento and San Joaquin 

river basins and Stockton area. 

4.4.1 Sacramento River Basin 

Table 4-9 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento North) has the highest EAD, followed by SAC40 (Sacramento 

North).  For crop damages, SAC04 (Capay) has the highest EAD, followed 

by SAC01 (Woodson Bridge East).  For business loss damages, SAC63 

(Sacramento South) has the highest EAD, followed by SAC40 (Sacramento 

North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 

4.4.1 San Joaquin River Basin 

Table 4-10 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ09 (Salt 

Slough) has the highest EAD, followed by SJ33 (Lathrop/Sharpe).  For 

crop damages, SJ09 (Salt Slough) has the highest EAD, followed by SJ20 

(Merced River).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ09 (Salt Slough). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 

4.5 State Systemwide Investment Approach 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the State Systemwide Investment Approach was 

calculated for each damage area in the Sacramento River Basin, the San 

Joaquin River Basin, and Stockton area. 

4.5.1 Sacramento River Basin 

Table 4-11 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento North) has the highest EAD, followed by SAC40 (Sacramento 
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North).  For crop damages, SAC05 (Butte Basin) has the highest EAD, 

followed by SAC35 (Elkhorn).  For business loss damages, SAC63 

(Sacramento South) has the highest EAD, followed by SAC40 (Sacramento 

North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 

4.5.2 San Joaquin River Basin 

Table 4-12 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ09 (Salt 

Slough) has the highest EAD, followed by SJ28 (Stanislaus North).  For 

crop damages, SJ12 (Berenda Slough) has the highest EAD, followed by 

SJ15 (Turner Island).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ09 (Salt Slough). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 
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Table 4-1.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 2010 
October $1,000 – No Project 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 495 0 31 526 

SAC04 Capay 38 730 74 842 

SAC05 Butte Basin 239 2,339 187 2,764 

SAC06 Butte City 6 0 0 6 

SAC07 Colusa Basin North 67 65 18 151 

SAC08 Colusa 32 1 3 35 

SAC09 Colusa Basin South 159 515 55 728 

SAC10 Grimes 8 1 0 10 

SAC11 Reclamation District 1500 West 109 190 56 355 

SAC12 Sycamore Slough 1 44 0 45 

SAC13 Knight's Landing 1,207 3 354 1,564 

SAC14 Ridge Cut (North) 1 38 0 39 

SAC15 Ridge Cut (South) 8.7 68 0 76 

SAC16 Reclamation District 2035 3 265 1 269 

SAC17 East of Davis 109 7 20 136 

SAC18 Upper Honcut 23 60 0 83 

SAC20 Gridley 407 17 9 433 

SAC21 Sutter Buttes East 500 495 45 1,040 

SAC22 Live Oak 780 7 39 827 

SAC23 Lower Honcut 162 147 58 367 

SAC24 Levee District No.1 496 460 113 1,069 

SAC25 Yuba City 47,862 123 10,959 58,944 

SAC26 Marysville 281 0 84 365 

SAC27 Linda-Olivehurst 1,611 18 451 2,080 

SAC28 Reclamation District 784 721 76 22 818 

SAC29 Best Slough 388 323 29 740 

SAC30 Reclamation District 1001 217 1,538 34 1,789 

SAC32 Reclamation District 70-1660 185 456 114 755 

SAC33 Meridian 138 2 61 201 
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Table 4-1.  HEC-FDA Expected Annual Damages for Sacramento 
River Basin in 2010 October $1,000 – No Project (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 191 466 232 889 

SAC35 Elkhorn 113 1,353 5 1,471 

SAC36 Natomas 44,004 120 10,058 54,181 

SAC37 Rio Linda 2,993 2 1,922 4,917 

SAC38 West Sacramento 5,679 1 2,848 8,528 

SAC39 Reclamation District 900 4,877 12 187 5,076 

SAC40 Sacramento North 16,622 0 11,014 27,636 

SAC41 Reclamation District 302 22 69 1 91 

SAC42 Reclamation District 999 55 101 2 158 

SAC43 Clarksburg 38 0 9 47 

SAC44 Stone Lake 3,068 214 1,489 4,770 

SAC45 Hood 561 0 2,092 2,653 

SAC46 Merritt Island 77 133 0 210 

SAC47 Reclamation District 551 174 1,111 731 2,016 

SAC48 Courtland 264 3 320 587 

SAC49 Sutter Island 18 774 0 792 

SAC50 Grand Island 615 1,500 307 2,423 

SAC51 Locke 24 4 65 93 

SAC52 Walnut Grove 15 0 8 22 

SAC53 Tyler Island 95 405 121 622 

SAC54 Andrus Island 132 212 108 452 

SAC55 Ryer Island 92 564 0 656 

SAC56 Prospect Island 14 133 24 171 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 180 219 605 1,004 

SAC59 Moore 31 84 0 115 

SAC60 Cache Slough 3 10 0 13 

SAC61 Hastings 21 120 0 141 

SAC62 Lindsey Slough 65 237 0 303 

SAC63 Sacramento South 69,832 5 37,283 107,120 

Total 206,158 16,062 82,257 304,476 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-2.  HEC-FDA Expected Flooding Return Period in Years for the Sacramento River 
Basin – All Approaches 

Damage 
Area 

Description 
No 

Project 
SPFC PHRC EFSC SSIA 

SAC01 Woodson Bridge East > 200 > 200 > 200 > 200 > 200 

SAC02 Woodson Bridge West > 200 > 200 > 200 > 200 > 200 

SAC03 Hamilton City 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SAC04 Capay <25 <25 <25 <25 <25 

SAC05 Butte Basin 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC06 Butte City 25 - 100 > 200 25 - 100 25 - 100 25 - 100 

SAC07 Colusa Basin North > 200 > 200 > 200 > 200 > 200 

SAC08 Colusa 100 - 200 > 200 100 - 200 > 200 100 - 200 

SAC09 Colusa Basin South 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC10 Grimes 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC11 Reclamation District 1500 West 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC12 Sycamore Slough 100 - 200 > 200 100 - 200 > 200 > 200 

SAC13 Knight's Landing 25 - 100 25 - 100 25 - 100 > 200 25 - 100 

SAC14 Ridge Cut (North) 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC15 Ridge Cut (South) <25 > 200 <25 > 200 <25 

SAC16 Reclamation District 2035 <25 > 200 <25 > 200 <25 

SAC17 East of Davis > 200 > 200 > 200 > 200 > 200 

SAC18 Upper Honcut > 200 > 200 > 200 > 200 > 200 

SAC20 Gridley 25 - 100 > 200 25 - 100 > 200 100 - 200 

SAC21 Sutter Buttes East 25 - 100 > 200 25 - 100 > 200 100 - 200 

SAC22 Live Oak 25 - 100 > 200 25 - 100 > 200 100 - 200 

SAC23 Lower Honcut > 200 > 200 > 200 > 200 > 200 

SAC24 Levee District No.1 <25 100 - 200 <25 > 200 <25 

SAC25 Yuba City <25 > 200 > 200 > 200 > 200 

SAC26 Marysville > 200 > 200 > 200 > 200 > 200 

SAC27 Linda-Olivehurst > 200 > 200 > 200 > 200 > 200 

SAC28 Reclamation District 784 > 200 > 200 > 200 > 200 > 200 

SAC29 Best Slough <25 100 - 200 <25 <25 <25 

SAC30 Reclamation District 1001 <25 > 200 <25 > 200 <25 

SAC32 Reclamation District 70-1660 <25 > 200 <25 > 200 <25 

SAC33 Meridian <25 > 200 <25 > 200 <25 
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Table 4-2.  HEC-FDA Expected Flooding Return Period in Years for the Sacramento 
River Basin – All Approaches (contd.) 

Damage 
Area 

Description 
No 

Project 
SPFC PHRC EFSC SSIA 

SAC34 Reclamation District 1500 East 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC35 Elkhorn <25 > 200 <25 <25 <25 

SAC36 Natomas <25 > 200 > 200 > 200 > 200 

SAC37 Rio Linda 100 - 200 > 200 > 200 > 200 > 200 

SAC38 West Sacramento 25 - 100 > 200 > 200 > 200 > 200 

SAC39 Reclamation District 900 <25 > 200 > 200 > 200 > 200 

SAC40 Sacramento North 25 - 100 100 - 200 > 200 > 200 > 200 

SAC41 Reclamation District 302 <25 100 - 200 <25 > 200 <25 

SAC42 Reclamation District 999 <25 100 - 200 <25 > 200 <25 

SAC43 Clarksburg 25 - 100 100 - 200 25 - 100 > 200 25 - 100 

SAC44 Stone Lake <25 100 - 200 > 200 <25 > 200 

SAC45 Hood <25 100 - 200 > 200 > 200 > 200 

SAC46 Merritt Island 25 - 100 100 - 200 25 - 100 > 200 25 - 100 

SAC47 Reclamation District 551 <25 > 200 <25 > 200 <25 

SAC48 Courtland <25 > 200 <25 > 200 <25 

SAC49 Sutter Island <25 > 200 <25 > 200 <25 

SAC50 Grand Island <25 > 200 <25 > 200 <25 

SAC51 Locke 100 - 200 > 200 100 - 200 > 200 > 200 

SAC52 Walnut Grove 100 - 200 > 200 100 - 200 > 200 > 200 

SAC53 Tyler Island <25 > 200 <25 > 200 <25 

SAC54 Andrus Island 25 - 100 100 - 200 25 - 100 > 200 25 - 100 

SAC55 Ryer Island <25 > 200 <25 > 200 <25 

SAC56 Prospect Island <25 > 200 <25 > 200 <25 

SAC57 Twitchell Island 100 - 200 > 200 100 - 200 > 200 100 - 200 

SAC58 Sherman Island <25 > 200 <25 > 200 <25 

SAC59 Moore <25 25 - 100 <25 25 - 100 <25 

SAC60 Cache Slough <25 <25 <25 <25 <25 

SAC61 Hastings <25 25 - 100 <25 > 200 <25 

SAC62 Lindsey Slough <25 > 200 <25 > 200 <25 

SAC63 Sacramento South 25 - 100 100 - 200 > 200 > 200 > 200 

Note: The HEC-FDA expected flooding return period for each damage area is based on its corresponding levee 
performance curve and overall systemwide hydraulic performance upstream of the damage area.  For the purposes 
of hydraulic modeling on a systemwide scale, a reconstructed levee is assumed to have zero probability of failure 
until it is overtopped. 
Key: 
EFSC = Enhance Flood System Capacity Approach 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
PHRC = Protect High Risk Communities Approach 
RD = Reclamation District 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Table 4-3.  HEC-FDA Expected Annual Damages for the San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – No Project 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 94 364 5 463 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 27 0 0 28 

SJ05 Chowchilla Bypass 41 728 0 769 

SJ06 Lone Willow Slough 15 464 0 479 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 22 0 0 22 

SJ09 Salt Slough 909 2,092 84 3,085 

SJ10 Dos Palos 235 18 4 256 

SJ11 Fresno River 7 489 0 496 

SJ12 Berenda Slough 271 3,436 10 3,716 

SJ13 Ash Slough 25 724 6 754 

SJ14 Sandy Mush 10 429 1 440 

SJ15 Turner Island 46 2,500 0 2,546 

SJ16 Bear Creek 12 29 1 42 

SJ17 Deep Slough 6 27 0 33 

SJ18 West Bear Creek 31 91 7 129 

SJ19 Fremont Ford 3 4 0 8 

SJ20 Merced River 142 842 27 1,011 

SJ21 Merced River North 86 218 71 376 

SJ22 Orestimba 25 30 13 68 

SJ23 Tuolumne South 57 239 8 303 

SJ24 Tuolumne River 247 18 70 335 

SJ25 Modesto 237 1 192 431 

SJ26 Three Amigos 18 221 6 245 

SJ27 Stanislaus South 44 131 8 183 

SJ28 Stanislaus North 277 346 33 656 

SJ29 Banta Carbona 123 127 2 251 

SJ30 Paradise Cut 33 183 2 218 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 35 7 29 71 
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Table 4-3.  HEC-FDA Expected Annual Damages for the San Joaquin River Basin 
and Stockton Area in 2010 October $1,000 – No Project (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  1,189 6 117 1,312 

SJ34 French Camp 54 3 0 58 

SJ35 Moss Tract 163 0 17 180 

SJ36 Roberts Island 134 647 6 787 

SJ37 Rough and Ready Island  0 1 1 2 

SJ38 Drexler Tract 17 68 6 91 

SJ39 Union Island 22 81 5 107 

SJ40 Union Island Toe 10 15 0 25 

SJ41 Fabian Tract 3 14 0 17 

SJ42 Reclamation District 1007 8 9 0 17 

SJ43 Grayson 28 0 1 29 

STK01 Lower Roberts Island 108 537 72 716 

STK06 Stockton East 124 8 32 163 

STK07 Calaveras River 802 0 39 840 

STK08 Bear Creek South 568 0 1 569 

STK09 Bear Creek North 616 2 0 618 

STK10 Central Stockton 1,786 1 79 1,866 

Total 8,791 15,243 962 24,996 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-4.  HEC-FDA Expected Flooding Return Period in Years for San Joaquin River 
Basin and Stockton Area – All Approaches 

Damage 
Area 

Description 
No 

Project 
SPFC PHRC EFSC SSIA 

SJ01 Fresno > 200 > 200 > 200 > 200 > 200 

SJ02 Fresno Slough East 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ03 Fresno Slough West 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ04 Mendota 25 - 100 25 - 100 25 - 100 100 - 200 25 - 100 

SJ05 Chowchilla Bypass <25 25 - 100 <25 100 - 200 <25 

SJ06 Lone Willow Slough 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ07 Mendota North > 200 > 200 > 200 > 200 > 200 

SJ08 Firebaugh > 200 > 200 > 200 > 200 > 200 

SJ09 Salt Slough 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ10 Dos Palos 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ11 Fresno River <25 > 200 <25 > 200 <25 

SJ12 Berenda Slough <25 > 200 <25 > 200 <25 

SJ13 Ash Slough <25 > 200 <25 > 200 <25 

SJ14 Sandy Mush <25 > 200 <25 100 - 200 <25 

SJ15 Turner Island <25 25 - 100 <25 25 - 100 <25 

SJ16 Bear Creek 100 - 200 100 - 200 100 - 200 100 - 200 100 - 200 

SJ17 Deep Slough 25 - 100 > 200 25 - 100 > 200 25 - 100 

SJ18 West Bear Creek <25 100 - 200 <25 > 200 <25 

SJ19 Fremont Ford > 200 > 200 > 200 > 200 > 200 

SJ20 Merced River <25 <25 <25 <25 <25 

SJ21 Merced River North 25 - 100 > 200 25 - 100 > 200 25 - 100 

SJ22 Orestimba <25 > 200 <25 > 200 <25 

SJ23 Tuolumne South <25 <25 <25 <25 <25 

SJ24 Tuolumne River <25 <25 > 200 > 200 > 200 

SJ25 Modesto > 200 > 200 > 200 > 200 > 200 

SJ26 Three Amigos <25 > 200 <25 > 200 <25 

SJ27 Stanislaus South <25 100 - 200 <25 > 200 <25 

SJ28 Stanislaus North 25 - 100 25 - 100 25 - 100 > 200 25 - 100 

SJ29 Banta Carbona <25 > 200 <25 > 200 <25 

SJ30 Paradise Cut <25 > 200 <25 > 200 <25 

SJ31 Stewart Tract  > 200 > 200 > 200 > 200 > 200 

SJ32 East Lathrop > 200 > 200 > 200 > 200 > 200 
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Table 4-4.  HEC-FDA Expected Flooding Return Period in Years for San Joaquin River 
Basin and Stockton Area – All Approaches (contd.) 

Damage 
Area 

Description 
No 

Project SPFC PHRC EFSC SSIA 

SJ33 Lathrop/Sharpe  100 - 200 > 200 > 200 > 200 > 200 

SJ34 French Camp > 200 > 200 > 200 > 200 > 200 

SJ35 Moss Tract 100 - 200 > 200 > 200 > 200 > 200 

SJ36 Roberts Island <25 > 200 <25 > 200 <25 

SJ37 Rough and Ready Island  > 200 > 200 > 200 > 200 > 200 

SJ38 Drexler Tract 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ39 Union Island 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ40 Union Island Toe 25 - 100 > 200 25 - 100 > 200 25 - 100 

SJ41 Fabian Tract 100 - 200 100 - 200 100 - 200 > 200 100 - 200 

SJ42 Reclamation District 1007 > 200 100 - 200 > 200 100 - 200 > 200 

SJ43 Grayson 100 - 200 > 200 100 - 200 > 200 100 - 200 

STK01 Lower Roberts Island <25 > 200 > 200 > 200 > 200 

STK06 Stockton East 25 - 100 100 - 200 100 - 200 100 - 200 100 - 200 

STK07 Calaveras River 100 - 200 > 200 > 200 > 200 > 200 

STK08 Bear Creek South 100 - 200 100 - 200 100 - 200 100 - 200 100 - 200 

STK09 Bear Creek North 25 - 100 100 - 200 100 - 200 100 - 200 100 - 200 

STK10 Central Stockton <25 > 200 > 200 > 200 > 200 

Note: The HEC-FDA expected flooding return period for each damage area is based on its corresponding 
levee performance curve and overall systemwide hydraulic performance upstream of the damage area.  For 
the purposes of hydraulic modeling on a systemwide scale, a reconstructed levee is assumed to have zero 
probability of failure until it is overtopped. 
Key: 
EFSC = Enhance Flood System Capacity Approach 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
PHRC = Protect High Risk Communities Approach 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Table 4-5.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Achieve SPFC Design Flow Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 27 213 8 247 

SAC02 Woodson Bridge West 4 10 0 13 

SAC03 Hamilton City 519 0 35 554 

SAC04 Capay 46 735 76 857 

SAC05 Butte Basin 38 130 23 191 

SAC06 Butte City 2 0 0 2 

SAC07 Colusa Basin North 47 28 10 85 

SAC08 Colusa 87 1 4 92 

SAC09 Colusa Basin South 42 61 6 110 

SAC10 Grimes 5 0 0 5 

SAC11 Reclamation District 1500 West 14 23 5 43 

SAC12 Sycamore Slough 0 7 0 8 

SAC13 Knight's Landing 622 2 205 829 

SAC14 Ridge Cut (North) 1 13 0 14 

SAC15 Ridge Cut (South) 1 2 0 3 

SAC16 Reclamation District 2035 6 9 0 16 

SAC17 East of Davis 87 3 10 101 

SAC18 Upper Honcut 9 13 0 22 

SAC20 Gridley 237 2 3 243 

SAC21 Sutter Buttes East 232 68 16 316 

SAC22 Live Oak 357 1 15 373 

SAC23 Lower Honcut 98 88 31 217 

SAC24 Levee District No.1 155 0 8 164 

SAC25 Yuba City 4,694 12 698 5,404 

SAC26 Marysville 271 0 80 350 

SAC27 Linda-Olivehurst 1,678 18 470 2,166 

SAC28 Reclamation District 784 956 95 28 1,079 

SAC29 Best Slough 54 43 7 104 

SAC30 Reclamation District 1001 30 35 5 71 

SAC32 Reclamation District 70-1660 45 83 22 149 

SAC33 Meridian 30 0 11 41 
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Table 4-5.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Achieve SPFC Design Flow Capacity Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 21 19 18 58 

SAC35 Elkhorn 35 194 1 230 

SAC36 Natomas 15,551 67 4,333 19,951 

SAC37 Rio Linda 3,568 3 2,311 5,882 

SAC38 West Sacramento 3,280 0 1,581 4,862 

SAC39 Reclamation District 900 2,094 7 81 2,182 

SAC40 Sacramento North 11,665 0 7,553 19,219 

SAC41 Reclamation District 302 13 62 0 76 

SAC42 Reclamation District 999 90 114 2 206 

SAC43 Clarksburg 73 0 16 90 

SAC44 Stone Lake 6,310 155 402 6,868 

SAC45 Hood 63 0 177 240 

SAC46 Merritt Island 17 92 0 109 

SAC47 Reclamation District 551 40 104 113 256 

SAC48 Courtland 55 0 55 111 

SAC49 Sutter Island 0 8 0 8 

SAC50 Grand Island 1 1 0 2 

SAC51 Locke 28 2 88 118 

SAC52 Walnut Grove 0 0 0 0 

SAC53 Tyler Island 0 0 0 0 

SAC54 Andrus Island 225 91 124 441 

SAC55 Ryer Island 0 0 0 0 

SAC56 Prospect Island 1 2 1 4 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 21 5 68 93 

SAC59 Moore 34 27 0 61 

SAC60 Cache Slough 18 24 0 42 

SAC61 Hastings 8 29 0 37 

SAC62 Lindsey Slough 3 6 0 9 

SAC63 Sacramento South 66,184 5 34,860 101,049 

Total 119,796 2,714 53,562 176,072 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
SPFC = State Plan of Flood Control 
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Table 4-6.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Achieve SPFC Design Flow Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 95 359 5 459 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 28 0 0 28 

SJ05 Chowchilla Bypass 17 381 0 398 

SJ06 Lone Willow Slough 110 481 0 591 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 26 0 0 26 

SJ09 Salt Slough 725 1,643 65 2,433 

SJ10 Dos Palos 193 14 3 209 

SJ11 Fresno River 1 36 0 37 

SJ12 Berenda Slough 15 70 0 86 

SJ13 Ash Slough 9 34 1 44 

SJ14 Sandy Mush 2 6 0 9 

SJ15 Turner Island 15 256 0 271 

SJ16 Bear Creek 13 35 1 49 

SJ17 Deep Slough 3 9 0 12 

SJ18 West Bear Creek 19 20 2 40 

SJ19 Fremont Ford 1 0 0 1 

SJ20 Merced River 138 840 27 1,004 

SJ21 Merced River North 28 15 8 51 

SJ22 Orestimba 3 1 1 4 

SJ23 Tuolumne South 89 328 11 428 

SJ24 Tuolumne River 289 18 70 377 

SJ25 Modesto 238 1 193 432 

SJ26 Three Amigos 13 45 2 60 

SJ27 Stanislaus South 26 40 3 69 

SJ28 Stanislaus North 230 141 17 387 

SJ29 Banta Carbona 207 37 2 247 

SJ30 Paradise Cut 3 2 0 5 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 30 5 22 57 
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Table 4-6  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Achieve SPFC Design Flow Capacity 
Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  598 2 32 631 

SJ34 French Camp 1,125 16 0 1,142 

SJ35 Moss Tract 3 0 0 3 

SJ36 Roberts Island 23 42 1 67 

SJ37 Rough and Ready Island  0 1 1 2 

SJ38 Drexler Tract 32 93 10 135 

SJ39 Union Island 28 205 7 241 

SJ40 Union Island Toe 2 3 0 5 

SJ41 Fabian Tract 5 24 1 29 

SJ42 Reclamation District 1007 11 14 0 24 

SJ43 Grayson 32 0 1 33 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 4,615 5,315 511 10,441 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
SPFC = State Plan of Flood Control 
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Table 4-7.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 2010 
October $1,000 – Protect High Risk Communities Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 488 0 32 521 

SAC04 Capay 37 730 74 842 

SAC05 Butte Basin 239 2,339 187 2,764 

SAC06 Butte City 6 0 0 6 

SAC07 Colusa Basin North 65 65 18 149 

SAC08 Colusa 55 1 4 61 

SAC09 Colusa Basin South 159 515 55 728 

SAC10 Grimes 8 1 0 10 

SAC11 Reclamation District 1500 West 109 190 56 356 

SAC12 Sycamore Slough 1 45 0 45 

SAC13 Knight's Landing 1,311 3 255 1,568 

SAC14 Ridge Cut (North) 1 38 0 39 

SAC15 Ridge Cut (South) 9 68 0 77 

SAC16 Reclamation District 2035 3 265 1 269 

SAC17 East of Davis 56 2 7 65 

SAC18 Upper Honcut 24 60 0 83 

SAC20 Gridley 410 17 9 437 

SAC21 Sutter Buttes East 501 496 46 1,043 

SAC22 Live Oak 781 8 40 828 

SAC23 Lower Honcut 181 161 62 405 

SAC24 Levee District No.1 1,424 2,238 498 4,159 

SAC25 Yuba City 3,919 10 583 4,511 

SAC26 Marysville 282 0 83 365 

SAC27 Linda-Olivehurst 1,683 18 470 2,171 

SAC28 Reclamation District 784 783 80 24 887 

SAC29 Best Slough 388 323 29 740 

SAC30 Reclamation District 1001 218 1,540 35 1,793 

SAC32 Reclamation District 70-1660 185 456 114 755 

SAC33 Meridian 138 2 61 201 
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Table 4-7.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Protect High Risk Communities Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 192 467 233 893 

SAC35 Elkhorn 113 1,357 5 1,476 

SAC36 Natomas 3,671 15 1,192 4,878 

SAC37 Rio Linda 1,813 1 1,088 2,902 

SAC38 West Sacramento 2,135 0 987 3,122 

SAC39 Reclamation District 900 660 2 23 685 

SAC40 Sacramento North 5,454 0 3,082 8,536 

SAC41 Reclamation District 302 24 79 1 104 

SAC42 Reclamation District 999 82 112 2 196 

SAC43 Clarksburg 55 0 13 68 

SAC44 Stone Lake 380 11 26 417 

SAC45 Hood 4 0 12 17 

SAC46 Merritt Island 81 124 0 205 

SAC47 Reclamation District 551 172 1,089 703 1,964 

SAC48 Courtland 257 3 306 566 

SAC49 Sutter Island 18 767 0 785 

SAC50 Grand Island 570 1,490 300 2,361 

SAC51 Locke 22 4 59 85 

SAC52 Walnut Grove 15 0 7 22 

SAC53 Tyler Island 92 400 116 608 

SAC54 Andrus Island 120 203 92 416 

SAC55 Ryer Island 96 565 0 661 

SAC56 Prospect Island 14 133 24 171 

SAC57 Twitchell Island 3 0 0 3 

SAC58 Sherman Island 178 211 585 975 

SAC59 Moore 32 84 0 115 

SAC60 Cache Slough 3 10 0 13 

SAC61 Hastings 22 121 0 143 

SAC62 Lindsey Slough 66 237 0 304 

SAC63 Sacramento South 29,655 2 13,488 43,145 

Total 59,496 17,381 101,972 25,095 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 

 

 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

4-20 January 2012 
 Public Draft 

Table 4-8.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Protect High Risk Communities Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 94 364 5 463 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 27 0 0 28 

SJ05 Chowchilla Bypass 41 728 0 769 

SJ06 Lone Willow Slough 15 464 0 479 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 24 0 0 24 

SJ09 Salt Slough 899 2,062 83 3,044 

SJ10 Dos Palos 235 18 4 256 

SJ11 Fresno River 7 489 0 496 

SJ12 Berenda Slough 271 3,436 10 3,716 

SJ13 Ash Slough 25 724 6 754 

SJ14 Sandy Mush 12 429 1 442 

SJ15 Turner Island 46 2,500 0 2,546 

SJ16 Bear Creek 12 29 1 42 

SJ17 Deep Slough 6 27 0 33 

SJ18 West Bear Creek 31 91 7 129 

SJ19 Fremont Ford 3 4 0 8 

SJ20 Merced River 142 842 27 1,011 

SJ21 Merced River North 87 219 72 378 

SJ22 Orestimba 24 31 13 69 

SJ23 Tuolumne South 71 278 9 357 

SJ24 Tuolumne River 147 9 30 186 

SJ25 Modesto 238 1 193 432 

SJ26 Three Amigos 22 247 7 276 

SJ27 Stanislaus South 45 133 8 186 

SJ28 Stanislaus North 274 342 33 649 

SJ29 Banta Carbona 121 125 2 248 

SJ30 Paradise Cut 33 182 2 217 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 24 3 16 43 
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Table 4-8.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and Stockton 
Area in 2010 October $1,000 – Protect High Risk Communities Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  169 1 10 180 

SJ34 French Camp 0 0 0 0 

SJ35 Moss Tract 0 0 0 0 

SJ36 Roberts Island 126 625 6 756 

SJ37 Rough and Ready Island  0 0 0 0 

SJ38 Drexler Tract 18 68 6 92 

SJ39 Union Island 21 76 4 101 

SJ40 Union Island Toe 10 14 0 24 

SJ41 Fabian Tract 3 14 0 17 

SJ42 Reclamation District 1007 8 9 0 17 

SJ43 Grayson 32 0 1 33 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 3,553 14,684 582 18,819 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 

 
  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

4-22 January 2012 
 Public Draft 

Table 4-9.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Enhance Flood System Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 492 0 34 526 

SAC04 Capay 38 731 75 844 

SAC05 Butte Basin 15 49 8 72 

SAC06 Butte City 1 0 0 1 

SAC07 Colusa Basin North 37 23 8 67 

SAC08 Colusa 33 0 2 35 

SAC09 Colusa Basin South 0 1 0 2 

SAC10 Grimes 0 0 0 0 

SAC11 Reclamation District 1500 West 5 10 2 17 

SAC12 Sycamore Slough 0 27 0 28 

SAC13 Knight's Landing 171 0 56 227 

SAC14 Ridge Cut (North) 0 5 0 5 

SAC15 Ridge Cut (South) 1.5 6 0 7 

SAC16 Reclamation District 2035 7 7 0 15 

SAC17 East of Davis 101 4 12 117 

SAC18 Upper Honcut 7 10 0 18 

SAC20 Gridley 168 2 2 172 

SAC21 Sutter Buttes East 161 44 11 216 

SAC22 Live Oak 245 1 10 255 

SAC23 Lower Honcut 69 0 0 69 

SAC24 Levee District No.1 0 0 0 0 

SAC25 Yuba City 3,361 8 488 3,857 

SAC26 Marysville 343 0 102 445 

SAC27 Linda-Olivehurst 1,645 18 453 2,116 

SAC28 Reclamation District 784 335 30 9 375 

SAC29 Best Slough 105 43 7 155 

SAC30 Reclamation District 1001 29 35 5 69 

SAC32 Reclamation District 70-1660 2 3 1 6 

SAC33 Meridian 1 0 0 1 
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Table 4-9.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Enhance Flood System Capacity Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 16 15 14 46 

SAC35 Elkhorn 16 91 1 108 

SAC36 Natomas 2,086 8 641 2,735 

SAC37 Rio Linda 1,434 1 809 2,244 

SAC38 West Sacramento 1,356 0 597 1,954 

SAC39 Reclamation District 900 452 1 15 469 

SAC40 Sacramento North 5,410 0 3,101 8,511 

SAC41 Reclamation District 302 6 0 0 6 

SAC42 Reclamation District 999 47 57 1 105 

SAC43 Clarksburg 2 0 0 3 

SAC44 Stone Lake 308 4 10 321 

SAC45 Hood 2 0 4 6 

SAC46 Merritt Island 16 48 0 64 

SAC47 Reclamation District 551 18 54 58 130 

SAC48 Courtland 28 0 0 28 

SAC49 Sutter Island 0 8 0 8 

SAC50 Grand Island 29 27 12 69 

SAC51 Locke 19 1 61 82 

SAC52 Walnut Grove 2 0 1 3 

SAC53 Tyler Island 0 1 0 2 

SAC54 Andrus Island 120 55 74 248 

SAC55 Ryer Island 1 2 0 3 

SAC56 Prospect Island 1 2 1 4 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 144 189 412 745 

SAC59 Moore 17 15 0 32 

SAC60 Cache Slough 15 14 0 29 

SAC61 Hastings 3 12 0 15 

SAC62 Lindsey Slough 3 6 0 8 

SAC63 Sacramento South 20,620 1 9,338 29,959 

Total 39,575 1,891 57,911 16,446 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-10.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Enhance Flood System Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 49 2 5 56 

SJ02 Fresno Slough East 48 181 3 232 

SJ03 Fresno Slough West 5 59 0 64 

SJ04 Mendota 25 0 0 25 

SJ05 Chowchilla Bypass 5 51 0 56 

SJ06 Lone Willow Slough 74 304 0 378 

SJ07 Mendota North 0 6 0 6 

SJ08 Firebaugh 24 0 0 24 

SJ09 Salt Slough 395 947 33 1,375 

SJ10 Dos Palos 105 8 1 114 

SJ11 Fresno River 1 36 0 37 

SJ12 Berenda Slough 15 70 0 85 

SJ13 Ash Slough 9 34 1 44 

SJ14 Sandy Mush 3 8 0 12 

SJ15 Turner Island 9 158 0 167 

SJ16 Bear Creek 13 33 1 47 

SJ17 Deep Slough 3 8 0 11 

SJ18 West Bear Creek 1 1 0 2 

SJ19 Fremont Ford 1 1 0 2 

SJ20 Merced River 113 842 27 982 

SJ21 Merced River North 0 0 0 0 

SJ22 Orestimba 0 0 0 0 

SJ23 Tuolumne South 44 152 5 202 

SJ24 Tuolumne River 11 1 5 17 

SJ25 Modesto 170 1 146 316 

SJ26 Three Amigos 5 16 1 22 

SJ27 Stanislaus South 8 11 1 20 

SJ28 Stanislaus North 105 37 4 146 

SJ29 Banta Carbona 92 16 1 110 

SJ30 Paradise Cut 2 1 0 3 

SJ31 Stewart Tract  0 0 0 0 

SJ32 East Lathrop 14 2 10 27 
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Table 4-10.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Enhance Flood System Capacity Approach 
(contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  231 1 12 244 

SJ34 French Camp 0 4 0 4 

SJ35 Moss Tract 0 0 0 0 

SJ36 Roberts Island 5 16 0 22 

SJ37 Rough and Ready Island  0 0 0 0 

SJ38 Drexler Tract 1 73 7 81 

SJ39 Union Island 14 58 3 75 

SJ40 Union Island Toe 0 1 0 2 

SJ41 Fabian Tract 2 11 0 13 

SJ42 Reclamation District 1007 9 10 0 20 

SJ43 Grayson 4 0 0 4 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 1,726 3,165 285 5,176 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-11.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – State Systemwide Investment Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 489 0 32 521 

SAC04 Capay 37 729 74 840 

SAC05 Butte Basin 252 2,403 198 2,854 

SAC06 Butte City 6 0 0 6 

SAC07 Colusa Basin North 65 65 18 149 

SAC08 Colusa 61 1 5 66 

SAC09 Colusa Basin South 143 453 49 644 

SAC10 Grimes 7 1 0 8 

SAC11 Reclamation District 1500 West 64 101 33 198 

SAC12 Sycamore Slough 0 27 0 28 

SAC13 Knight's Landing 382 2 203 586 

SAC14 Ridge Cut (North) 1 25 0 26 

SAC15 Ridge Cut (South) 10 79 0 89 

SAC16 Reclamation District 2035 11 267 1 280 

SAC17 East of Davis 62 2 7 72 

SAC18 Upper Honcut 26 61 0 88 

SAC20 Gridley 345 8 6 359 

SAC21 Sutter Buttes East 481 211 28 720 

SAC22 Live Oak 807 3 25 835 

SAC23 Lower Honcut 136 118 46 299 

SAC24 Levee District No.1 296 0 25 321 

SAC25 Yuba City 3,480 8 512 4,000 

SAC26 Marysville 298 0 88 386 

SAC27 Linda-Olivehurst 1,657 18 462 2,137 

SAC28 Reclamation District 784 706 73 21 800 

SAC29 Best Slough 388 323 29 740 

SAC30 Reclamation District 1001 306 1,380 29 1,715 

SAC32 Reclamation District 70-1660 226 640 159 1,025 

SAC33 Meridian 200 3 84 286 
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Table 4-11.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – State Systemwide Investment Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 121 360 152 633 

SAC35 Elkhorn 99 1,387 6 1,491 

SAC36 Natomas 3,966 16 1,287 5,269 

SAC37 Rio Linda 1,796 1 1,076 2,874 

SAC38 West Sacramento 2,165 0 997 3,162 

SAC39 Reclamation District 900 654 2 23 679 

SAC40 Sacramento North 5,496 0 3,105 8,601 

SAC41 Reclamation District 302 21 71 1 93 

SAC42 Reclamation District 999 84 109 2 195 

SAC43 Clarksburg 59 0 14 73 

SAC44 Stone Lake 224 7 15 246 

SAC45 Hood 3 0 7 10 

SAC46 Merritt Island 55 84 0 139 

SAC47 Reclamation District 551 156 912 526 1,594 

SAC48 Courtland 247 3 228 479 

SAC49 Sutter Island 15 620 0 635 

SAC50 Grand Island 457 1,279 224 1,959 

SAC51 Locke 16 3 37 56 

SAC52 Walnut Grove 13 0 5 18 

SAC53 Tyler Island 86 358 88 532 

SAC54 Andrus Island 63 172 58 293 

SAC55 Ryer Island 76 486 0 562 

SAC56 Prospect Island 13 105 20 137 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 166 210 508 884 

SAC59 Moore 34 84 0 118 

SAC60 Cache Slough 3 9 0 12 

SAC61 Hastings 16 96 0 112 

SAC62 Lindsey Slough 49 191 0 240 

SAC63 Sacramento South 27,371 2 12,525 39,897 

Total 54,497 13,791 23,044 91,332 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-12.  HEC-FDA Expected Annual Damages for San Joaquin River Basin 
and Stockton Area in 2010 October $1,000 – State Systemwide Investment Approach 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 94 364 5 463 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 27 0 0 28 

SJ05 Chowchilla Bypass 41 728 0 769 

SJ06 Lone Willow Slough 15 464 0 479 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 24 0 0 24 

SJ09 Salt Slough 899 2,062 83 3,044 

SJ10 Dos Palos 235 18 4 256 

SJ11 Fresno River 7 489 0 496 

SJ12 Berenda Slough 271 3,436 10 3,716 

SJ13 Ash Slough 25 724 6 754 

SJ14 Sandy Mush 12 429 1 442 

SJ15 Turner Island 46 2,500 0 2,546 

SJ16 Bear Creek 12 29 1 42 

SJ17 Deep Slough 6 27 0 33 

SJ18 West Bear Creek 31 91 7 129 

SJ19 Fremont Ford 3 4 0 8 

SJ20 Merced River 142 842 27 1,011 

SJ21 Merced River North 87 219 72 378 

SJ22 Orestimba 24 31 13 69 

SJ23 Tuolumne South 71 278 9 357 

SJ24 Tuolumne River 147 9 30 186 

SJ25 Modesto 238 1 193 432 

SJ26 Three Amigos 22 247 7 276 

SJ27 Stanislaus South 45 133 8 186 

SJ28 Stanislaus North 274 342 33 649 

SJ29 Banta Carbona 121 125 2 248 

SJ30 Paradise Cut 33 182 2 217 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 24 3 16 43 
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Table 4-12.  HEC-FDA Expected Annual Damages for the San Joaquin River Basin 
and Stockton Area in 2010 October $1,000 – State Systemwide Investment 
Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  169 1 10 180 

SJ34 French Camp 0 0 0 0 

SJ35 Moss Tract 0 0 0 0 

SJ36 Roberts Island 126 625 6 757 

SJ37 Rough and Ready Island  0 0 0 0 

SJ38 Drexler Tract 19 70 6 95 

SJ39 Union Island 21 73 4 98 

SJ40 Union Island Toe 10 14 0 24 

SJ41 Fabian Tract 3 14 0 17 

SJ42 Reclamation District 1007 8 9 0 17 

SJ43 Grayson 32 0 1 33 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 3,554 14,683 582 18,819 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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4.6 Structures and Population at Risk 

Structures and population at risk were determined for both river basins. 

4.6.1 Structures at Risk 

HAZUS-MH is a computer program developed by FEMA, under contract 

with the National Institute of Building Sciences, to assess potential losses 

from floods, hurricane winds, and earthquakes.  HAZUS-MH comes 

bundled with a wide range of spatial and tabular data and uses GIS 

software (ArcGIS), to map and display hazard data.  Figure 4-1 and Table 

4-13 summarize core data from HAZUS-MH regarding at-risk structures 

inside the Systemwide Planning Area that CVFPP could apply to evaluate 

emergency cost.  There are 2,861 at-risk facilities in the Systemwide 

Planning Area, including more than 1,500 highway bridges and about 700 

schools, also, there are 1,847 miles of transportation segments in the 

Systemwide Planning Area; two-thirds are highways (FEMA, 2010). 

In Figure 4-1, the following definitions of at-risk facilities are used: 

 Transportation – airports, bus stations, ferries, highway bridges, light 

rail facilities, port facilities, railway facilities, railway bridges, and 

runway facilities 

 High Potential Loss – dams and facilities with hazardous materials 

 Emergency Facilities – care facilities, emergency centers, fire stations, 

police stations, and schools 

 Utilities – telecommunication facilities, electric power facilities, oil 

facilities, potable water facilities, and wastewater treatment facilities 

4.6.1 Population at Risk 

Using the 2000 Census population data in HAZUS-MH, census blocks 

inside the Systemwide Planning Area were first identified; then, population 

in the Systemwide Planning Area was prorated based on block area inside 

the Systemwide Planning Area (U.S. Census Bureau, 2000).  It was 

estimated that the total population inside the Systemwide Planning Area is 

1,525,142.  The same approach was applied to estimate the population 

inside each CVFPP HEC-FDA damage area; these numbers are 

summarized in Table 4-14 for the Sacramento River Basin and Table 4-15 

for the San Joaquin River Basin (FEMA, 2010). 
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Figure 4-1.  At-Risk Facilities in the Systemwide Planning Area 



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

4-32 January 2012 
 Public Draft 

In the Sacramento River Basin, SAC63 (Sacramento South) has the largest 

population (413,736), followed by SAC40 (Sacramento North – 60,314) 

and SAC25 (Yuba City – 58,020).  In the San Joaquin River Basin, STK10 

(Central Stockton) has the largest population of 124,857, followed by 

STK07 (Calaveras River) – 52,026, STK08 (Bear Creek South) – 37,058, 

SJ25 (Modesto) - 16,344, SJ34 (French Camp - 13,245), SJ35 (Moss Tract 

- 10,501), and SJ33 (Lathrop/Sharpe – 10,342). 

 
Table 4-13.  Lengths of At-Risk Transportation Segments Inside 
Systemwide Planning Area 

Segments Total Miles 

Highway  1,270 

Light Rail 39 

Railway  537 

Total 1,847 
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Table 4-14.  Population for CVFPP HEC-FDA Damage Areas – 
Sacramento River Basin 

Damage 
Area 

Description Population 
Damage 

Area 
Description Population 

SAC01 Woodson Bridge East 714 SAC33 Meridian 214 

SAC02 Woodson Bridge West 129 SAC34 RD 1500 East 329 

SAC03 Hamilton City 2,068 SAC35 Elkhorn 170 

SAC04 Capay 140 SAC36 Natomas 41,141 

SAC05 Butte Basin 755 SAC37 Rio Linda 26,173 

SAC06 Butte City 55 SAC38 West Sacramento 25,605 

SAC07 Colusa Basin North 1,616 SAC39 RD 900 6,018 

SAC08 Colusa 5,933 SAC40 Sacramento North 60,314 

SAC09 Colusa Basin South 1,286 SAC41 RD 302 144 

SAC10 Grimes 292 SAC42 RD 999 751 

SAC11 RD 1500 West 578 SAC43 Clarksburg 292 

SAC12 Sycamore Slough 64 SAC44 Stone Lake 39,386 

SAC13 Knight's Landing 951 SAC45 Hood 182 

SAC14 Ridge Cut (North) 156 SAC46 Merritt Island 214 

SAC15 Ridge Cut (South) 65 SAC47 RD 551 597 

SAC16 RD 2035 205 SAC48 Courtland 70 

SAC17 East of Davis 1,785 SAC49 Sutter Island 121 

SAC18 Upper Honcut 719 SAC50 Grand Island 1,174 

SAC20 Gridley 6,859 SAC51 Locke 149 

SAC21 Sutter Buttes East 5,465 SAC52 Walnut Grove 471 

SAC22 Live Oak 6,328 SAC53 Tyler Island 62 

SAC23 Lower Honcut 1,323 SAC54 Andrus Island 1,824 

SAC24 Levee District. No.1 4,109 SAC55 Ryer Island 287 

SAC25 Yuba City 58,020 SAC56 Prospect Island 2 

SAC26 Marysville 12,320 SAC57 Twitchell Island 112 

SAC27 Linda-Olivehurst 25,516 SAC58 Sherman Island 182 

SAC28 RD 784 1,062 SAC59 Moore 140 

SAC29 Best Slough 361 SAC60 Cache Slough 84 

SAC30 RD 1001 1,272 SAC61 Hastings 48 

SAC32 RD 70-1660 495 SAC62 Lindsey Slough 1,087 

 
 

 
SAC63 Sacramento South 413,736 

Grand Total Population = 761,717 

Source: FEMA, 2010 

Key: 
CVFPP = Central Valley Flood Protection Plan 

HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
RD = Reclamation District 
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Table 4-15.  Population for CVFPP HEC-FDA Damage Areas – San Joaquin 
River Basin, Including Stockton Area 

Damage 
Area 

Description Population 
Damage 

Area 
Description Population 

SJ01 Fresno 2,624 SJ26 Three Amigos 569 

SJ02 Fresno Slough East 782 SJ27 Stanislaus South 156 

SJ03 Fresno Slough West 58 SJ28 Stanislaus North 1,794 

SJ04 Mendota 1,918 SJ29 Banta Carbona 4,840 

SJ05 Chowchilla Bypass 359 SJ30 Paradise Cut 622 

SJ06 Lone Willow Slough 812 SJ31 Stewart Tract  199 

SJ07 Mendota North 71 SJ32 East Lathrop 333 

SJ08 Firebaugh 6,181 SJ33 Lathrop/Sharpe  10,342 

SJ09 Salt Slough 4,093 SJ34 French Camp 13,245 

SJ10 Dos Palos 5,528 SJ35 Moss Tract 10,501 

SJ11 Fresno River 66 SJ36 Roberts Island 488 

SJ12 Berenda Slough 874 SJ37 Rough and Ready Island  1 

SJ13 Ash Slough 359 SJ38 Drexler Tract 64 

SJ14 Sandy Mush 11 SJ39 Union Island 519 

SJ15 Turner Island 95 SJ40 Union Island Toe 12 

SJ16 Bear Creek 257 SJ41 Fabian Tract 172 

SJ17 Deep Slough 4 SJ42 RD 1007 1,066 

SJ18 West Bear Creek 7 SJ43 Grayson 661 

SJ19 Fremont Ford 846 STK01 Lower Roberts Island 321 

SJ20 Merced River 830 STK06 Stockton East 465 

SJ21 Merced River North 1,170 STK07 Calaveras River 52,026 

SJ22 Orestimba 902 STK08 Bear Creek South 37,058 

SJ23 Tuolumne South 414 STK09 Bear Creek North 4,220 

SJ24 Tuolumne River 2,799 STK10 Central Stockton 124,857 

SJ25 Modesto 16,344    

Grand total population = 311,933 

Source: FEMA, 2010 

Key: 

CVFPP = Central Valley Flood Protection Plan 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
RD = Reclamation District 
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6.0 Acronyms and Abbreviations 

AEP .................................. annual exceedence probability 

Ag damage spreadsheet .. Comprehensive Study Agricultural Damage 
Spreadsheet 

APN .................................. Assessor Parcel Number 

Board ............................... The Reclamation Board or Central Valley Flood 
Protection Board 

Breach .............................. levee failure 

CDFA ............................... California Department of Food and Agriculture 

cfs .................................... cubic feet per second 

Comprehensive Study ...... Sacramento and San Joaquin River Basins 
Comprehensive Study 

CPI ................................... Consumer Price Index 

CVFPP ............................. Central Valley Flood Protection Plan 

DDF .................................. depth-damage function 

Delta ................................. Sacramento-San Joaquin Delta 

DWR ................................ California Department of Water Resources 

EAD .................................. expected annual damages 

EFSC ............................... Enhance Flood System Capacity 

EIA ................................... Energy Information Administration 

FEMA ............................... Federal Emergency Management Agency 

FloodSAFE ....................... DWR FloodSAFE California 

F-RAM .............................. Flood Rapid Assessment Model  

GIS ................................... geographic information system 

HEC-FDA ......................... Hydrologic Engineering Center Flood Damage 
Analysis  

HEC-RAS ......................... Hydrologic Engineering Center River Analysis 
System 

IMPLAN ............................ IMPact Analysis for PLANning 

LFPZ ................................ Levee Flood Protection Zones 

NED ................................. national economic development 

NFIP ................................. National Flood Insurance Program 
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NRCS ............................... Natural Resources Conservation Service 

NULE ............................... Non-Urban Levee Evaluation 

OES ................................. State Office of Emergency Services 

P&G ................................. Principles and Guidelines 

PHRC ............................... Protect High Risk Communities 

RD .................................... Reclamation District 

Reclamation ..................... U.S. Department of Interior, Bureau of 
Reclamation 

SAFCA ............................. Sacramento Area Flood Control Agency 

SJAFCA ........................... San Joaquin Area Flood Control Agency 

SPFC ............................... State Plan of Flood Control 

SSIA ................................. State Systemwide Investment Approach 

Stage ................................ maximum water surface elevation  

State ................................. State of California 

TRLIA ............................... Three Rivers Levee Improvement Authority 

UC Davis .......................... University of California, Davis 

ULE .................................. Urban Levee Evaluation 

UNET ............................... Unsteady flow through a NETwork of open 
channels 

USACE ............................. U.S. Army Corps of Engineers 

USDA ............................... U.S. Department of Agriculture 
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Table A-1.  Butte County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

00 Valid 0 value Misc MISC Miscellaneous 

99 No Definition available Misc MISC Miscellaneous 

9999 No Definition available Misc MISC Miscellaneous 

AA Almonds CROP CROP Crops 

AB Mixed nuts CROP CROP Crops 

AC Citrus CROP CROP Crops 

AD Dry farming CROP CROP Crops 

AE Pears CROP CROP Crops 

AF Field and Row crops CROP CROP Crops 

AG Grazing CROP CROP Crops 

AI Irrigated pasture CROP CROP Crops 

AJ Peaches CROP CROP Crops 

AK Kiwis CROP CROP Crops 

AM Mixed fruit crops CROP CROP Crops 

AN Mixed fruit/nut crops CROP CROP Crops 

AO Olives CROP CROP Crops 

AP Prunes CROP CROP Crops 

AQ Christmas trees CROP CROP Crops 

AR Rice CROP CROP Crops 

AT Timber CROP CROP Crops 

AU Pistachios CROP CROP Crops 

AV Vines CROP CROP Crops 

AW Walnuts CROP CROP Crops 

AY Mixed agricultural CROP CROP Crops 

AZ Miscellaneous CROP CROP Crops 

CC Service (garage, shop, mini-mart) COM C-SERV Commercial Service-Auto  

CI Institutional (church, hospital) COM C-HOS Hospital  

CP 
Commercial/professional (bank, 
etc.) 

COM C-RET Commercial Retail  

CR 
Residential (motel, hotel, mobile 
home park) 

COM C-HOTEL Hotel  

CS Commercial retail (stores, etc.) COM C-RET Commercial Retail  

CT Recreational (theatre, golf, etc.) PUB P-REC Public Recreation/Assembly  

CU Utilities PUB P-GOV Public Government Building  

CV Commercial vacant Misc MISC Miscellaneous 

CZ Miscellaneous commercial COM MISC-COM Miscellaneous Commercial 
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Table A-1.  Butte County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

IM Manufacturing IND I-HV Industrial Heavy Manufacture  

IV Industrial vacant Misc MISC Miscellaneous 

IW Warehouse/wholesale operations IND I-WH Industrial Warehouse  

IZ Miscellaneous industrial IND MISC-IND Miscellaneous Industrial 

MZ Timber, oil, and gas rights Misc MISC Miscellaneous 

R2 Duplex MFR MFR Multi-Family Residential  

R3 Triplex MFR MFR Multi-Family Residential  

R4 Fourplex MFR MFR Multi-Family Residential  

R7 Multiple residential, not matching MFR MFR Multi-Family Residential  

RA Five or more units - apartments MFR MFR Multi-Family Residential  

RC Condominium MFR MFR Multi-Family Residential  

RM 
Single-family dwelling - property tax 
mobile home 

MH MH Mobile Home Single/Double 

RN 
Single-family dwelling - license fee 
mobile home 

MH MH Mobile Home Single/Double 

RP Permanent foundation mobile home MH MH Mobile Home Single/Double 

RQ 
Single-family dwelling - mobile 
home UNK STAT 

MH MH Mobile Home Single/Double 

RS Single-family dwelling - stick built SFR SFR 
Single-family 
Residential  W/Basement 

RV Vacant Misc MISC Miscellaneous 

RW Modular COM C-SHOP Commercial Shopping Center  

RZ Miscellaneous FARM FARM 
Farm Buildings Including 
Primary RES 

UU Not usable (ditches, etc.) Misc MISC Miscellaneous 
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Table A-2.  Colusa County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

A Agriculture CROP CROP Crops 

A= No Definition Available Misc MISC Miscellaneous 

A9 Special Agriculture CROP CROP Crops 

AA Agriculture: Agriculture Services CROP CROP Crops 

AD Diversified agricultural (irrigated) CROP CROP Crops 

AK Dry Farm CROP CROP Crops 

AL Livestock (grazing) CROP CROP Crops 

AO Orchard CROP CROP Crops 

AR Rice CROP CROP Crops 

AT Grain storage drying IND I-LT Industrial Light  

AV Vacant Misc MISC Miscellaneous 

AW Waste Misc MISC Miscellaneous 

AY Duck club PUB P-REC Public Recreation/Assembly  

C Commercial COM C-OFF Commercial Office  

C3 Triplex COM C-OFF Commercial Office  

C9 Special – a ll others COM MISC-COM Miscellaneous Commercial 

CA Agricultural service FARM FARM 
Farm Buildings Including 
Primary RES 

CB Financial COM C-RET Commercial Retail  

CD Diversified agricultural (irrigated) CROP CROP Crops 

CE Retail outlet COM C-RET Commercial Retail  

CF Food service (bar, restaurant, etc.) COM C-RESTFF Commercial Fast Food Rest  

CG Golf course PUB P-REC Public Recreation/Assembly  

CH Hotel/motel COM C-HOTEL Hotel  

CI Auto sales COM C-DEAL Full Service Auto Dealership  

CJ Garage and service station COM C-SERV Commercial Service-Auto  

CM Medical COM C-MED Commercial Medical  

CN Diversified commercial COM MISC-COM Miscellaneous Commercial 

CP Petroleum wholesale IND I-WH Industrial Warehouse  

CT Grain storage drying IND I-WH Industrial Warehouse  

CU Mobilehome park MH MH Mobile Home Single/Double 

CV Vacant Misc MISC Miscellaneous 

CW Waste COM MISC-COM Miscellaneous Commercial 

CX Dairy IND I-LT Industrial Light  

CY Duck club PUB P-REC Public Recreation/Assembly  

CZ Office COM C-OFF Commercial Office  

ER Easement_Rice CROP CROP Crops 

EV Easement_Vacant Misc MISC Miscellaneous 
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Table A-2.  Colusa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

EW Easement_Waste Misc MISC Miscellaneous 

EY Easement_Duck club PUB P-GOV Public Government Building  

A Agriculture CROP CROP Crops 

A= No Definition Available Misc MISC Miscellaneous 

A9 Special Agriculture CROP CROP Crops 

AA Agriculture: Agriculture Services CROP CROP Crops 

AD Diversified agricultural (irrigated) CROP CROP Crops 

AK Dry Farm CROP CROP Crops 

AL Livestock (grazing) CROP CROP Crops 

AO Orchard CROP CROP Crops 

AR Rice CROP CROP Crops 

AT Grain storage drying IND I-LT Industrial Light  

AV Vacant Misc MISC Miscellaneous 

AW Waste Misc MISC Miscellaneous 

G Government PUB P-GOV Public Government Building  

G9 Government_Special PUB P-GOV Public Government Building  

GA Government_Agricultural service PUB P-GOV Public Government Building  

GD 
Government_Diversified agricultural 
(irrigated) 

PUB P-GOV Public Government Building  

GF Government_Food service PUB P-GOV Public Government Building  

GN Government_Diversified commercial PUB P-GOV Public Government Building  

GQ Government_Quarry PUB P-GOV Public Government Building  

GS Government_School PUB P-GOV Public Government Building  

GV Government_Vacant Misc MISC Miscellaneous 

GW Government_Waste PUB MISC-PUB Miscellaneous Public/Gov 

GZ Government_Office PUB P-GOV Public Government Building  

I9 Special - all others IND MISC-IND Miscellaneous Industrial 

IA Agricultural service IND I-LT Industrial Light  

IT Grain storage drying IND I-LT Industrial Light  

IV Vacant Misc MISC Miscellaneous 

IW Industrial Waste IND I-LT Industrial Light  

NG Recreational_Golf course PUB P-REC Public Recreation/Assembly  

NV Recreational_Vacant Misc MISC Miscellaneous 

PM Professional_Medical COM C-MED Commercial Medical  

PZ Professional_Medical COM C-MED Commercial Medical  

R Residential SFR SFR Single-family Residential 

R1 Single-family residence SFR SFR Single-family Residential 

R2 Duplex MFR MFR Multi-Family Residential  
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Table A-2.  Colusa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

R3 Triplex MFR MFR Multi-Family Residential  

R4 Multiple (4 or more) MFR MFR Multi-Family Residential  

R5 Multiple single MFR MFR Multi-Family Residential  

R6 Mobilehome site MH MH Mobile Home Single/Double 

R7 Combination mobilehome/residential MH MH Mobile Home Single/Double 

R9 Special - all others SFR MISC-RES Miscellaneous Residential 

RI Auto sales COM C-AUTO Commercial Auto Sales  

RM Medical COM C-MED Commercial Medical  

RU Mobilehome park MH MH Mobile Home Single/Double 

RV Vacant Misc MISC Miscellaneous 

RW Waste SFR MISC-RES Miscellaneous Residential 

W1 
Williamson Act_Single-family 
residence 

SFR SFR Single-family Residential 

WD 
Williamson Act_Diversified 
agricultural  

CROP MISC-AG Miscellaneous Agriculture 

WK Williamson Act_Dry Farm CROP MISC-AG Miscellaneous Agriculture 

WL Williamson Act_Livestock FARM 
MISC-
FARM 

Miscellaneous Farm 

WLE 
Williamson Act_Livestock_Retail 
outlet 

FARM 
MISC-
FARM 

Miscellaneous Farm 

WO Williamson Act_Orchard CROP MISC-AG Miscellaneous Agriculture 

WR Williamson Act_Rice CROP MISC-AG Miscellaneous Agriculture 

WW Williamson Act_Waste CROP MISC-AG Miscellaneous Agriculture 

WY Williamson Act_Duck club PUB MISC-PUB Miscellaneous Public/Gov 

XD Unknown Misc MISC Miscellaneous 

XK Unknown Misc MISC Miscellaneous 

XO Unknown Misc MISC Miscellaneous 

XR Unknown Misc MISC Miscellaneous 

Y9 Institutional_Special  PUB MISC-PUB Miscellaneous Public/Gov 

YA Institutional_Agricultural service PUB P-GOV Public Government Building  

YC Institutional_Church PUB P-CH Public Church  

YR Institutional_Rice IND I-WH Industrial Warehouse  

YS Institutional_School PUB P-SCH Public and Private Schools  
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Table A-3.  Contra Costa County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

10 Vacant, unbuildable MISC Misc Miscellaneous 

11 
Single-family, 1 residential on 1 
Site and Duets w/o common areas 

SFR SFR Single-family Residential 

12 
Single-family, 1 residential on 2 or 
more sites 

MFR MFR Multi-Family Residential  

13 
Single-family, 2 or more 
residential on 1 or more sites 

MFR MFR Multi-Family Residential  

14 
Single-family on other than single-
family land 

MFR MFR Multi-Family Residential  

15 
Miscellaneous improvements, 1 
site 

MISC-RES SFR Miscellaneous Residential 

16 
Misc. improvements on 2 or more 
sites; includes trees and vines 

MISC-RES SFR Miscellaneous Residential 

17 
Vacant, 1 site (includes PUD 
sites) 

MISC Misc Miscellaneous 

18 Vacant, 2 or more sites MISC Misc Miscellaneous 

19 

Single-family residential, 
detached, w/common area 
(normal Subdivision type PUD); 
duets w/common area 

SFR SFR Single-family Residential 

20 Vacant MISC Misc Miscellaneous 

21 Duplex MFR MFR Multi-Family Residential  

22 Triplex MFR MFR Multi-Family Residential  

23 Fourplex MFR MFR Multi-Family Residential  

24 
Combinations (e.g., single and a 
double) 

MFR MFR Multi-Family Residential  

25 Apartments, 5-12 units, inclusive MFR MFR Multi-Family Residential  

26 Apartments, 13-24 units, inclusive MFR MFR Multi-Family Residential  

27 Apartments, 25-59 units, inclusive MFR MFR Multi-Family Residential  

28 Apartments, 60 units or more MFR MFR Multi-Family Residential  

29 
Attached PUDs, cluster homes, 
co-ops, condos, townhouses, etc. 

MFR MFR Multi-Family Residential  

30 Vacant MISC Misc Miscellaneous 

31 
Commercial stores (not 
supermarkets) 

C-RET COM Commercial Retail  

32 
Small grocery stores (7-11, mom 
and pop, quick-stop) 

C-FOOD COM Commercial Food-Retail  

33 Office buildings C-OFF COM Commercial Office  

34 Medical; dental C-MED COM Commercial Medical  

35 
Service stations; car washes; bulk 
plants 

C-SERV COM Commercial Service-Auto  

36 Garages C-SERV COM Commercial Service-Auto  
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Table A-3.  Contra Costa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

37 
Community facilities; recreational; 
swim pool association 

P-REC PUB Public Recreation/Assembly  

38 Golf courses P-REC PUB Public Recreation/Assembly  

39 Bowling alleys P-REC PUB Public Recreation/Assembly  

40 Boat Harbors P-REC PUB Public Recreation/Assembly  

41 
Supermarkets (not in shopping 
centers) 

C-RET COM Commercial Retail  

42 
Shopping centers (all parcels 
include vacant for future shopping 
Center 

C-SHOP COM Commercial Shopping Center  

43 
Financial buildings (insurance and 
title companies, banks, savings 
and loans) 

C-RET COM Commercial Retail  

44 
Motels, hotels, and mobile home 
parks 

C-HOTEL COM Hotel  

45 Theaters P-REC PUB Public Recreation/Assembly  

46 
Drive-in restaurants (hamburger, 
taco, etc.) 

C-REST COM Commercial Restaurants  

47 
Restaurants (not drive-in; inside 
service only) 

C-REST COM Commercial Restaurants  

48 
Multiple and commercial; 
miscellaneously improved 

MISC-COM COM Miscellaneous Commercial 

49 New car auto agencies C-AUTO COM Commercial Auto Sales  

50 
Vacant Land (not part of industrial 
park or P. and D.) 

MISC Misc Miscellaneous 

51 
Industrial Park (with or without 
structures) 

I-WH IND Industrial Warehouse  

52 
Research and Development, with 
or without structures 

I-LT IND Industrial Light  

53 Light industrial I-LT IND Industrial Light  

54 Heavy industrial I-HV IND Industrial Heavy Manufacture  

55 Mini-warehouse (public storage) I-WH IND Industrial Warehouse  

56 
Miscellaneous improvements, 
including T & Von light or heavy 
industrial 

I-HV IND Industrial Heavy Manufacture  

61 
Rural, residential improved; 1 to 
10 acres 

FARM FARM 
Farm Buildings Including 
Primary RES 

62 
Rural, with or without 
miscellaneous structures, 1 to 10 
acres 

FARM FARM 
Farm Buildings Including 
Primary RES 

63 Urban acreage, 10 to 40 acres MISC Misc Miscellaneous 

64 
Urban acreage, more than 40 
acres 

MISC Misc Miscellaneous 
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Table A-3.  Contra Costa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

65 
Orchards, vineyards, row crops, 
irrigated pastures, 10 to 40 acres 

CROP CROP Crops 

66 
Orchards, vineyards, row crops, 
irrigated pastures, over 40 acres 

CROP CROP Crops 

67 
Dry farming, grazing and 
pasturing, 10 to 40 acres 

MISC Misc Miscellaneous 

68 
Dry farming, grazing and 
pasturing, over 40 acres 

MISC Misc Miscellaneous 

69 Agricultural preserves MISC Misc Miscellaneous 

70 
Convalescent hospitals and rest 
homes 

C-HOS COM Hospital  

71 Churches P-CH PUB Public Church  

72 
Schools, public or private, with or 
without improvements 

P-SCH PUB Public and Private Schools  

73 
Hospitals, with or without 
improvements 

C-HOS COM Hospital  

74 Cemeteries, mortuaries MISC Misc Miscellaneous 

75 
Fraternal and service 
organizations 

P-REC PUB Public Recreation/Assembly  

76 Retirement housing complex MFR MFR Multi-Family Residential  

77 Cultural uses (libraries) P-REC PUB Public Recreation/Assembly  

78 Parks and playgrounds P-REC PUB Public Recreation/Assembly  

79 
Government-owned, with or 
without buildings (federal, state, 
city, BART) 

P-GOV PUB Public Government Building  

81 Private roads MISC Misc Miscellaneous  

82 Pipelines and canals MISC Misc Miscellaneous  

83 State board assessed parcels MISC-PUB PUB Miscellaneous Public/Gov 

84 
Utilities, with or without buildings 
(not assessed by SBE) 

MISC-PUB PUB Miscellaneous Public/Gov 

85 Public and private parking MISC Misc Miscellaneous 

86 
Taxable municipally-owned 
property 

MISC-PUB PUB Miscellaneous Public/Gov 

87 
Common area parcels in PUDs 
(open spaces, recreational 
facilities) 

MISC-PUB PUB Miscellaneous Public/Gov 

89 
Other; split parcels in different Tax 
Code Areas 

MISC Misc Miscellaneous 
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Table A-4.  Fresno County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

A*******  FARM FARM 
Farm Buildings Including 
Primary RES 

C000*** Vacant C-RET COM Commercial Retail  

CA***** Apartment MFR MFR Multi-Family Residential  

CALM000 Almonds CROP CROP Crops 

CASC*** Auto Service and New Car Sales C-AUTO COM Commercial Auto Sales  

CBOA*** Bowling Alleys P-REC PUB Public Recreation/Assembly 

CC***** Condominium MFR MFR Multi-Family Residential  

CCAW*** Car Wash C-SERV COM Commercial Service-Auto  

CCHU*** Churches P-CH PUB Public Church  

CCLH*** Club House P-REC PUB Public Recreation/Assembly  

CCOH*** Convalescent Hospital C-HOS COM Hospital  

CCOS*** 
Cold Storage and Slaughter 
Houses 

I-WH IND Industrial Warehouse  

CCS**** Commercial Stores C-RET COM Commercial Retail  

CDES*** Department Store C-SHOP COM 
Commercial Shopping 
Center  

CDIH*** Discount House C-SHOP COM 
Commercial Shopping 
Center  

CFAC*** Factory I-LT IND Industrial Light  

CFIE*** Field Cropland CROP CROP Crops 

CFIG*** Figs CROP CROP Crops 

CFII*** Banks / (FI)nancial (I)nstitutions C-OFF COM Commercial Office  

CFRL*** Fraternal Lodge MFR MFR Multi-Family Residential  

CFUH*** Funeral Home C-MED COM Commercial Medical  

CG01*** Unknown C-OFF COM Commercial Office  

CGAR*** Garages C-SERV COM Commercial Service-Auto  

CGO**** General Office C-OFF COM Commercial Office  

CGOC*** Golf Course P-REC PUB Public Recreation/Assembly  

CGRASM1 Granary and Rice Mills I-WH IND Industrial Warehouse  

CH***** Hotel C-HOTEL COM Hotel  

CHOH*** Hot House FARM FARM 
Farm Buildings Including 
Primary RES 

CHOS*** Hospital C-MED COM Commercial Medical  

CLII*** Light Industrial I-LT IND Industrial Light  

CLIM*** Light Manufacturing I-LT IND Industrial Light  

CLUY*** Lumber Yard I-LT IND Industrial Light  

CM01*** Motel C-HOTEL COM Hotel  

CMD1*** Medical-Dental Office C-MED COM Commercial Medical  
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

CMH1*** 
Manufactured Home on 
Permanent Foundation 

SFR SFR Single-family Residential 

CMNS*** Mini Storage I-WH IND Industrial Warehouse  

CNUR*** Nurseries (Plants) C-RET COM Commercial Retail  

COIL*** Oil and Gas "C" is  Bulk Plant I-HV IND Industrial Heavy Manufacture  

COM1*** Only Manufactured Home MH MH Mobile Home Single/Double 

COUTLOT Outlot CROP CROP Crops 

CPAH*** Packing House I-WH IND Industrial Warehouse  

CPAS*** Pasture - Native CROP CROP Crops 

CPCI*** 
Partially completed 
improvements 

C-RET COM Commercial Retail  

CPLU*** Plums CROP CROP Crops 

CPND*** Ponding Basins CROP CROP Crops 

CPOS*** Potential Subdivision (Primary) C-RET COM Commercial Retail  

CPOUGO1 Poultry FARM FARM 
Farm Buildings Including 
Primary RES 

CPSL*** Parking/Sales Lot (used cars) C-AUTO COM Commercial Auto Sales  

CPUB*** Publicly Owned GOV PUB Government Administrative 

CREC*** Recreation P-REC PUB Public Recreation/Assembly  

CRES*** Restaurant C-FOOD COM Commercial Food-Retail  

CS***** Single-family Residential SFR SFR Single-family Residential 

CSCCSCC Shopping Center (Community) C-SHOP COM 
Commercial Shopping 
Center  

CSCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

CSCNSCN Shopping Center (Neighborhood) C-SHOP COM 
Commercial Shopping 
Center  

CSCQSCQ Shopping Center (Mini) C-SHOP COM 
Commercial Shopping 
Center  

CSCRSCR Shopping Center (Regional) C-SHOP COM 
Commercial Shopping 
Center  

CSES*** Service Station C-SERV COM Commercial Service-Auto  

CSFS*** Small Food Store = 7/11 Type C-RESTFF COM Commercial Fast Food Rest  

CSM2*** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

CSOH*** Fraternity (Social) House SFR SFR Single-family Residential 

CSS1*** Suburban and Country Stores C-RET COM Commercial Retail  

CSUM*** Supermarket C-GROC COM Commercial Grocery Store  

CTHD*** Theater Drive-In P-REC PUB Public Recreation/Assembly  

CTHE*** Theater P-REC PUB Public Recreation/Assembly  

CTTTTTT Temporary Use Code C-RET COM Commercial Retail  
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

CTWR*** Cell Tower Sites P-GOV PUB Public Government Building  

CVIR*** Vines - Raisin varieties CROP CROP Crops 

CVLM*** 
Vacant Land with Minor 
Improvements Only 

MISC Misc Miscellaneous 

CWAC*** Water Company GOV PUB Government Administrative 

CWAH*** Warehouse I-WH IND Industrial Warehouse  

CWALS01 Walnuts FARM FARM 
Farm Buildings Including 
Primary RES 

C****** Other C-RET COM Commercial Retail  

I****** Vacant MISC Misc Miscellaneous. 

IA02*** Apartment MFR MFR Multi-Family Residential  

IALM*** Almonds CROP CROP Crops 

IASC*** Auto Service and New Car Sales C-AUTO COM Commercial Auto Sales  

IBOA*** Bowling Alleys P-REC PUB Public Recreation/Assembly  

ICAW*** Car Wash C-SERV COM Commercial Service-Auto  

ICHU*** Churches P-CH PUB Public Church  

ICOG*** Cotton Gin and CompRES I-WH IND Industrial Warehouse  

ICOS*** 
Cold Storage and Slaughter 
Houses 

I-WH IND Industrial Warehouse  

ICS1*** Commercial Stores C-RET COM Commercial Retail  

IFAC*** Factory I-LT IND Industrial Light  

IFIEVLM Field Cropland CROP CROP Crops 

IFII*** Banks / (FI)nancial (I)nstitutions C-OFF COM Commercial Office  

IFRL*** Fraternal Lodge MFR MFR Multi-Family Residential  

IFTM*** Freight Truck Terminals I-WH IND Industrial Warehouse  

IFUH*** Funeral Home C-MED COM Commercial Medical  

IG03WAH Unknown C-OFF COM Commercial Office  

IGAR*** Garages I-WH IND Industrial Warehouse  

IGO1*** General Office C-OFF COM Commercial Office  

IGRA*** Granary and Rice Mills I-LT IND Industrial Light  

ILII*** Light Industrial I-LT IND Industrial Light  

ILIM*** Light Manufacturing I-LT IND Industrial Light  

ILUY*** Lumber Yard I-LT IND Industrial Light  

IM***** Motel C-HOTEL COM Hotel  

IMD1*** Medical-Dental Office C-MED COM Commercial Medical  

IMH2PSL 
Manufactured Home on 
Permanent Foundation 

MH MH Mobile Home Single/Double 

IMHP*** Manufactured Home Park MH MH Mobile Home Single/Double 

IMNS*** Mini Storage I-WH IND Industrial Warehouse  
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

INEC*** Nectarines CROP CROP Crops 

INUR*** Nurseries (Plants) FARM FARM 
Farm Buildings Including 
Primary RES 

IOIL*** Oil and Gas "C" is Bulk Plant I-HV IND Industrial Heavy Manufacture  

IOM1*** Only Manufactured Home MH MH Mobile Home Single/Double 

IORA*** Oranges CROP CROP Crops 

IOUTLOT Outlot CROP CROP Crops 

IPAH*** Packing House I-WH IND Industrial Warehouse  

IPLU*** Plums CROP CROP Crops 

IPND*** Ponding Basins CROP CROP Crops 

IPOS*** Potential Subdivision (Primary) I-LT IND Industrial Light  

IPOUCOS Poultry FARM FARM 
Farm Buildings Including 
Primary RES 

IPSL*** Parking/Sales Lot (used cars) C-AUTO COM Commercial Auto Sales  

IPUB*** Publicly Owned GOV PUB Government Administrative 

IREC*** Recreation P-REC PUB Public Recreation/Assembly  

IRES*** Restaurant C-FOOD COM Commercial Food-Retail  

IS***** Single-family Residential SFR SFR Single-family Residential 

ISCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

ISES*** Service Station C-SERV COM Commercial Service-Auto  

ISFS*** Small Food Store = 7/11 Type C-RESTFF COM Commercial Fast Food Rest  

ISGP*** Sand-Gravel Pits I-LT IND Industrial Light  

ISM**** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

ISOH*** Fraternity (Social) House MFR MFR Multi-Family Residential  

ISS1*** Suburban and Country Stores C-RET COM Commercial Retail  

ITRX*** Trees - Mixed CROP CROP Crops 

ITTTTTT Temporary Use Code I-LT IND Industrial Light  

ITVXS02 Trees - Vines Mixed CROP CROP Crops 

ITWR*** Cell Tower Sites I-LT IND Industrial Light  

IVIR*** Vines - Raisin varieties CROP CROP Crops 

IVIX*** Vines - Mixed CROP CROP Crops 

IVLM*** 
Vacant Land with Minor 
Improvements Only 

MISC Misc Miscellaneous 

IWAC*** Water Company GOV PUB Government Administrative 

IWAH*** Warehouse I-WH IND Industrial Warehouse  

IWIN*** Winery C-SHOP COM Commercial Shopping Center  

IXXX*** Other MISC Misc Miscellaneous 

M****** Vacant MISC Misc Miscellaneous 
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

MA01*** Apartment MFR MFR Multi-Family Residential  

MCHU*** Churches P-CH PUB Public Church  

MCLH*** Club House MFR MFR Multi-Family Residential  

MCOH*** Convalescent Hospital C-HOS COM Hospital  

MCS1*** Commercial Stores I-WH IND Industrial Warehouse  

MFRL*** Fraternal Lodge MFR MFR Multi-Family Residential  

MFUHS01 Funeral Home C-MED COM Commercial Medical  

MS***** Single-family Residential SFR SFR Single-family Residential 

MSCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

MSOH*** Fraternity (Social) House MFR MFR Multi-Family Residential  

MTTTTTT Temporary Use Code MFR MFR Multi-Family Residential  

O****** Vacant MISC Misc Miscellaneous 

OALM*** Almonds CROP CROP Crops 

OAPP*** Apples CROP CROP Crops 

OAPR*** Apricots CROP CROP Crops 

OASP*** Asparagus CROP CROP Crops 

OBUS*** Bushberries CROP CROP Crops 

OCHE*** Cherries CROP CROP Crops 

OCOG*** Cotton Gin and CompRES I-LT IND Industrial Light  

ODAI*** Dairies FARM FARM 
Farm Buildings Including 
Primary RES 

ODRY*** Dry Farming CROP CROP Crops 

OEUCOM1 Eucalyptus Grove CROP CROP Crops 

OFIE*** Field Cropland CROP CROP Crops 

OKIW*** Kiwi CROP CROP Crops 

OLAB*** Labor Housing MH MH Mobile Home Single/Double 

OLEM*** Lemons CROP CROP Crops 

ONEC*** Nectarines CROP CROP Crops 

OOLI*** Olives CROP CROP Crops 

OORA*** Oranges CROP CROP Crops 

OPAH*** Packing House I-WH IND Industrial Warehouse  

OPAS*** Pasture – Native CROP CROP Crops 

OPCI*** 
Partially completed 
improvements 

CROP CROP Crops 

OPEA*** Peaches CROP CROP Crops 

OPEC*** Pecans CROP CROP Crops 

OPER*** Persimmons CROP CROP Crops 

OPIS*** Pistachios CROP CROP Crops 
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

OPLU*** Plums CROP CROP Crops 

OPOM*** Pomegranates CROP CROP Crops 

OPOS*** Potential Subdivision (Primary) CROP CROP Crops 

OPOU*** Poultry FARM FARM 
Farm Buildings Including 
Primary RES 

OPRU*** Prunes CROP CROP Crops 

OREC*** Recreation P-REC PUB Public Recreation/Assembly  

OS***** Single-family Residential SFR SFR Single-family Residential 

OSGP*** Sand-Gravel Pits I-LT IND Industrial Light  

OSM2*** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

OSTA*** Stables FARM FARM 
Farm Buildings Including 
Primary RES 

OTIM*** Timberland CROP CROP Crops 

OTPZ*** Timber Preserve Zone CROP CROP Crops 

OTRX*** Trees – Mixed CROP CROP Crops 

OTTTTTT Temporary Use Code CROP CROP Crops 

OTVX*** Trees – Vines Mixed CROP CROP Crops 

OVIR*** Vines – Raisin varieties CROP CROP Crops 

OVIT*** Vines – Table varieties CROP CROP Crops 

OVIX*** Vines – Mixed CROP CROP Crops 

OWAH*** Warehouse I-WH IND Industrial Warehouse  

OWAL*** Walnuts CROP CROP Crops 

OXXX*** Other CROP CROP Crops 

P000*** Vacant MISC Misc Miscellaneous. 

PA00*** Apartment MFR MFR Multi-Family Residential  

PS01*** Single-family Residential SFR SFR Single-family Residential 

S000*** Vacant MISC Misc Miscellaneous 

S0M1*** Only Manufactured Home SFR SFR Single-family Residential 

SA02*** Apartment MFR MFR Multi-Family Residential  

SCHU*** Churches P-CH PUB Public Church  

SCLH*** Club House MFR MFR Multi-Family Residential  

SFIE*** Field Cropland CROP CROP Crops 

SOM**** Only Manufactured Home SFR SFR Single-family Residential 

SPAS*** Pasture - Native CROP CROP Crops 

SPC1000 
Partially completed 
improvements 

SFR SFR Single-family Residential 

SPO5*** Potential Subdivision (Primary) SFR SFR Single-family Residential 

SPUB*** Publicly Owned GOV PUB Government Administrative 
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

SREC*** Recreation P-REC PUB Public Recreation/Assembly  

SS***** Single-family Residential SFR SFR Single-family Residential 

SSCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

SSGP*** Sand-Gravel Pits I-LT IND Industrial Light  

SSM1*** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

Z****** Vacant CROP CROP Crops 

ZALM*** Almonds CROP CROP Crops 

ZAPP*** Apples CROP CROP Crops 

ZDAI*** Dairies CROP CROP Crops 

ZFIE*** Field Cropland CROP CROP Crops 

ZPAS*** Pasture - Native CROP CROP Crops 

ZPIS*** Pistachios CROP CROP Crops 

ZTRX*** Trees – Mixed CROP CROP Crops 

ZTVX*** Trees – Vines Mixed CROP CROP Crops 

ZVIR*** Vines – Raisin varieties CROP CROP Crops 

ZVIW*** Vines – Wine varieties CROP CROP Crops 

 

 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-16 January 2012 

 Public Draft 

Table A-5.  Glenn County Land Use Codes 

County 
Use 

Description FDA_Damage OCC-Name Corps OCC-Description 

A*** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

ACY* N/A P-CH PUB Public Church  

AW** N/A MISC-FARM FARM Miscellaneous Farm 

C*** N/A MISC Misc Miscellaneous 

C5** N/A C-SERV COM Commercial Service-Auto  

C8** N/A MISC-COM COM Miscellaneous Commercial 

CA** N/A C-RET COM Commercial Retail  

CA** N/A MH MH Mobile Home Single/Double 

CE** N/A C-RET COM Commercial Retail  

CF** N/A C-FOOD COM Commercial Food-Retail  

CG** N/A C-GROC COM Commercial Grocery Store  

CH** N/A C-HOTEL COM Hotel  

CI** N/A C-AUTO COM Commercial Auto Sales  

CJ** N/A C-SERV COM Commercial Service-Auto  

CM** N/A C-MED COM Commercial Medical  

CN** N/A C-RET COM Commercial Retail  

CP** N/A C-RET COM Commercial Retail  

CS** N/A P-SCH PUB Public and Private Schools  

CU** N/A MH MH Mobile Home Single/Double 

CYR2 N/A AIR PUB Airport 

CZ** N/A C-OFF COM Commercial Office  

IT** N/A I-LT IND Industrial Light  

N1** N/A SFR SFR Single-family Residential 

N8** N/A MISC-PUB PUB Miscellaneous Public/Government 

PM** N/A C-MED COM Commercial Medical  

PZ** N/A C-OFF COM Commercial Office  

R1** N/A SFR SFR Single-family Residential 

R3** N/A MFR MFR Multi-Family Residential  

R4** N/A MFR MFR Multi-Family Residential  

R6** N/A MFR MFR Multi-Family Residential  

R7** N/A MH MH Mobile Home Single/Double 

W8** N/A MISC-RES SFR Miscellaneous Residential 

WD** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WK** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WL** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 
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Table A-5.  Glenn County Land Use Codes (contd.) 

County 
Use 

Description FDA_Damage OCC-Name Corps OCC-Description 

WO** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WR** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WT** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WW** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 
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Table A-6.  Lake County Land Use Codes 

County Use 
Descripti

on 
FDA_Damage 

OCC-
Name 

Corps OCC-Description 

A**** N/A CROP CROP Crops 

A1*** N/A CROP CROP Crops 

AD*** N/A CROP CROP Crops 

ADR** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

AG*** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

AL*** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

ALR** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

AO*** N/A CROP CROP Crops 

AT*** N/A CROP CROP Crops 

ATM** N/A Misc Misc Miscellaneous 

ATR** N/A SFR SFR 
Single-family Residential with 
Basement 

AV*** N/A CROP CROP Crops 

AXR** N/A SFR SFR 
Single-family Residential with 
Basement 

B**** N/A CROP CROP Crops 

B1*** N/A CROP CROP Crops 

BGR** N/A SFR SFR 
Single-family Residential with 
Basement 

BL*** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

BO*** N/A CROP CROP Crops 

BR*** N/A CROP CROP Crops 

BT*** N/A CROP CROP Crops 

BTR** N/A SFR SFR 
Single-family Residential with 
Basement 

BV*** N/A CROP CROP Crops 

C**** N/A Misc MISc Miscellaneous 

C3*** N/A MFR MFR Multi-Family Residential 

C4*** N/A SFR SFR 
Single-family Residential with 
Basement 

C6*** N/A COM C-SERV Commercial Service-Auto  

CA*** N/A CROP CROP Crops 

CB*** N/A COM C-OFF Commercial Office  

CE*** N/A COM C-RET Commercial Retail  

CF*** N/A COM C-REST Commercial Restaurants  
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Table A-6.  Lake County Land Use Codes (cont.) 

County Use 
Descripti

on 
FDA_Damage 

OCC-
Name 

Corps OCC-Description 

CH*** N/A COM C-HOTEL Hotel  

CI*** N/A COM C-AUTO Commercial Auto Sales  

CJ*** N/A COM C-DEAL Full Service Auto Dealership  

CM*** N/A COM C-HOS Hospital  

CN*** N/A COM MISC-COM Miscellaneous Commercial 

CP*** N/A IND I-WH Industrial Warehouse  

CQ*** N/A IND I-LT Industrial Light  

CR*** N/A Misc MISC Miscellaneous 

CU*** N/A MH MH Mobile Home Single/Double 

CW*** N/A IND I-WH Industrial Warehouse  

CZ*** N/A COM C-OFF Commercial Office  

G**** N/A Misc MISC Miscellaneous 

G1*** N/A CROP CROP Crops 

G4*** N/A SFR SFR 
Single-family 
Residential  W/Basement 

G9*** N/A MH MH Mobile Home Single/Double 

GE*** N/A COM C-RET Commercial Retail  

GF*** N/A COM C-REST Commercial Restaurants  

GS*** N/A PUB P-SCH Public and Private Schools  

I**** N/A Misc MISC Miscellaneous 

I1*** N/A CROP CROP Crops 

IVBXF N/A CROP CROP Crops 

N**** N/A PUB P-REC Public Recreation/Assembly  

N1***  CROP CROP Crops 

NI***  COM C-DEAL Full Service Auto Dealership  

NV***  Misc MISC Miscellaneous 

R****  Misc MISC Miscellaneous 

R1***  CROP CROP Crops 

R3***  MFR MFR Multi-Family Residential  

R4***  SFR SFR 
Single-family Residential with 
Basement 

R7***  CROP CROP Crops 

R7***  Misc MISC Miscellaneous 

R8***  FARM FARM 
Farm Buildings Including Primary 
RES 

R9***  FARM FARM 
Farm Buildings Including Primary 
RES 

RV***  CROP CROP Crops 

RV***  Misc MISC Miscellaneous 
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Table A-6.  Lake County Land Use Codes (cont.) 

County Use 
Descripti

on 
FDA_Damage 

OCC-
Name 

Corps OCC-Description 

RX***  CROP CROP Crops 

RZ***  COM C-OFF Commercial Office  

U****  CROP CROP Crops 

U1***  CROP CROP Crops 

UT***  CROP CROP Crops 

UV***  CROP CROP Crops 

Y****  Misc MISC Miscellaneous 

Y4***  SFR SFR 
Single-family Residential with 
Basement 

YC***  PUB P-CH Public Church  

YI***  COM C-AUTO Commercial Auto Sales  

YM***  COM C-HOS Hospital  

YS***  PUB P-SCH Public and Private Schools  

 

 
  



 County Landuse Codes 

January 2012 A-21 

Public Draft 

Table A-7.  Madera County Land Use Codes 

Due to its size the Land Use Codes for Madera County will not be included.  The Land Use Codes 

will be available electronically upon request. 
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Table A-8.  Merced County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

0101 
Single-family residence – 
Single-family residence 

SFR SFR Single-family Residential 

0102 
Single-family residence – Minor 
multiple residence 

SFR SFR Single-family Residential 

0103 
Single-family residence – Major 
multiple residence 

SFR SFR Single-family Residential 

0104 
Single-family residence – Minor 
commercial 

SFR SFR Single-family Residential 

0105 
Single-family residence – Major 
commercial 

SFR SFR Single-family Residential 

0106 
Single-family residence – 
Industrial 

SFR SFR Single-family Residential 

0130 
Single-family residence – 
Industrial 

SFR SFR 
Single-family Residential with 
Basement 

0201 
Minor multiple residence – 
Single-family residence  

MFR MFR Multi-Family Residential  

0202 
Minor multiple residence – 
Minor multiple residence 

MFR MFR Multi-Family Residential  

0203 
Minor multiple residence – 
Major multiple residence 

MFR MFR Multi-Family Residential  

0204 
Minor multiple residence – 
Minor commercial 

MFR MFR Multi-Family Residential  

0205 
Minor multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0207 
Minor multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0301 
Major multiple residence – 
Single-family residence  

MFR MFR Multi-Family Residential  

0302 
Major multiple residence – 
Minor multiple residence 

MFR MFR Multi-Family Residential  

0303 
Major multiple residence – 
Major multiple residence 

MFR MFR Multi-Family Residential  

0304 
Major multiple residence – 
Minor commercial 

MFR MFR Multi-Family Residential  

0305 
Major multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0307 
Major multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0401 
Minor commercial – Single-
family residence  

COM C-RET Commercial Retail  

0402 
Minor commercial – Minor 
multiple residence 

COM C-RET Commercial Retail  

0403 
Minor commercial – Major 
multiple residence 

COM C-RET Commercial Retail  
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Table A-8.  Merced County Land Use Codes (contd.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

0404 
Minor commercial – Minor 
commercial 

COM C-RET Commercial Retail  

0405 
Minor commercial – Major 
commercial 

COM C-RET Commercial Retail  

0406 Minor commercial – Industrial COM C-RET Commercial Retail  

0407 Minor commercial – Farm COM C-RET Commercial Retail  

0408 Minor commercial – Farm COM C-RET Commercial Retail  

0414 
Minor commercial – Poultry 
Ranch 

COM C-RET Commercial Retail  

0430 
Minor commercial – Poultry 
Ranch 

COM C-RET Commercial Retail  

0502 
Major commercial – Minor 
multiple residence 

COM C-RET Commercial Retail  

0505 
Major commercial – Major 
commercial 

COM C-RET Commercial Retail  

0506 Major commercial – Industrial COM C-RET Commercial Retail  

0601 
Industrial – Single-family 
residence  

IND I-LT Industrial Light  

0603 
Industrial – Major multiple 
residence 

IND I-LT Industrial Light  

0604 Industrial – Minor commercial IND I-LT Industrial Light  

0606 Industrial – Industrial IND I-LT Industrial Light  

0618 Industrial – Industrial IND I-LT Industrial Light  

0701 Farm – Single-family residence  FARM FARM 
Farm Buildings Including Primary 
RES 

0702 Farm – Minor multiple residence FARM FARM 
Farm Buildings Including Primary 
RES 

0703 Farm – Major multiple residence FARM FARM 
Farm Buildings Including Primary 
RES 

0704 Farm – Minor commercial FARM FARM 
Farm Buildings Including Primary 
RES 

0706 Farm – Industrial FARM FARM 
Farm Buildings Including Primary 
RES 

0707 Farm – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0708 Farm – Trees or Vines FARM FARM 
Farm Buildings Including Primary 
RES 

0711 Farm – Vacant urban acreage FARM FARM 
Farm Buildings Including Primary 
RES 

0712 Farm – Miscellaneous FARM 
MISC-
FARM 

Miscellaneous Farm 

0713 Farm – Miscellaneous FARM FARM 
Farm Buildings Including Primary 
RES 
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Table A-8.  Merced County Land Use Codes (contd.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

0801 
Trees or Vines – Single-family 
residence  

CROP CROP Crops 

0802 
Trees or Vines – Minor multiple 
residence 

CROP CROP Crops 

0803 
Trees or Vines – Major multiple 
residence 

CROP CROP Crops 

0804 
Trees or Vines – Minor 
commercial 

CROP CROP Crops 

0806 Trees or Vines – Industrial CROP CROP Crops 

0807 Trees or Vines – Farm CROP CROP Crops 

0808 Trees or Vines – Trees or Vines CROP CROP Crops 

0812 Trees or Vines – Trees or Vines FARM FARM 
Farm Buildings Including Primary 
RES 

0813 Trees or Vines – Dairy CROP CROP Crops 

0814 Trees or Vines – Poultry Ranch CROP CROP Crops 

0901 Grazing – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0904 Grazing – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0907 Grazing – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0909 Grazing – Grazing FARM FARM 
Farm Buildings Including Primary 
RES 

0911 
Grazing – Vacant urban 
acreage 

FARM FARM 
Farm Buildings Including Primary 
RES 

1001 Vacant land residential Misc MISC Miscellaneous  

1002 
Vacant land minor multiple 
residence 

Misc MISC 
Miscellaneous  

1003 
Vacant land major multiple 
residence 

Misc MISC 
Miscellaneous  

1004 Vacant land minor commercial Misc MISC Miscellaneous  

1005 Vacant land major commercial Misc MISC Miscellaneous  

1006 Vacant land industrial Misc MISC Miscellaneous  

1012 Miscellaneous Misc Misc Miscellaneous  

1020 Vacant land – Church Misc MISC Miscellaneous  

1030 Vacant land – Condominium Misc MISC Miscellaneous  

1201 
Miscellaneous – Single-family 
residence  

SFR MISC-RES Miscellaneous Residential 

1202 
Miscellaneous – Minor multiple 
residence 

MFR MISC-MFR Miscellaneous Residential 

1203 
Miscellaneous – Major multiple 
residence 

MFR MISC-MFR Miscellaneous Residential 
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Table A-8.  Merced County Land Use Codes (contd.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

1204 
Miscellaneous – Minor 
commercial 

COM MISC-COM Miscellaneous Commercial 

1207 Miscellaneous – Farm FARM 
MISC-
FARM 

Miscellaneous Farm 

1208 Miscellaneous – Trees or Vines CROP MISC-AG Miscellaneous Agriculture 

1209 Miscellaneous – Grazing CROP MISC-AG Miscellaneous Agriculture 

1211 
Miscellaneous – Vacant urban 
acreage 

CROP MISC-AG Miscellaneous Agriculture 

1212 Miscellaneous – Miscellaneous CROP MISC-AG Miscellaneous Agriculture 

1307 Miscellaneous Misc Misc Miscellaneous 

1313 Dairy IND I-LT Industrial Light  

1408 Miscellaneous Misc Misc Miscellaneous 

1414 Poultry Ranch IND I-LT Industrial Light  

1515 Exempt government owned PUB P-GOV Public Government Building  

1616 Utility Roll PUB MISC-PUB Miscellaneous Public/Gov 

1701 Mobile home in park MH MH Mobile Home Single/Double 

1702 Mobile home on non-owner land MH MH Mobile Home Single/Double 

1703 Mobile home subdivision MH MH Mobile Home Single/Double 

1704 Mobile home on owner land MH MH Mobile Home Single/Double 

1717 Mobile home park MH MH Mobile Home Single/Double 

1818 Sand and Gravel Misc MISC Miscellaneous 

1919 Assessed government owned PUB P-GOV Public Government Building  

2020 Church PUB P-CH Public Church  

2121 Cemetery Misc MISC Miscellaneous 

3030 
Common area for 
condominiums 

COM MISC-COM Miscellaneous Commercial 

4242 Non-contract duck club PUB P-REC Public Recreation/Assembly  

4343 Contract duck club PUB P-REC Public Recreation/Assembly  

7070 Oil R/W IND I-LT Industrial Light  
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Table A-9.  Placer County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

00 
Vacant, All Types – not 
assigned 

MISC Misc Miscellaneous 

01 
Single-family residence, 
halfplex 

SFR SFR Single-family Residential 

02 
2 single-family residences, 
duplex 

MFR MFR Multi-Family Residential  

03 
3 single-family residences, 
triplex 

MFR MFR Multi-Family Residential  

04 
Single-family residence, 
Condominium 

SFR SFR Single-family Residential 

05 Apartments, 4 units or more MFR MFR Multi-Family Residential  

06 Timeshares MISC-RES SFR Miscellaneous Residential 

07 
Residential, auxilary 
improvements 

MISC-RES SFR Miscellaneous Residential 

08 Mobile Home outside of park MH MH Mobile Home Single/Double 

09 
Mobile Home in Mobile Home 
park 

MH MH Mobile Home Single/Double 

10 Vacant, subdivided residential MISC Misc Miscellaneous 

11 Commercial store C-RET COM Commercial Retail  

12 Suburban store C-RET COM Commercial Retail  

13 Mini-markets, no gas C-GROC COM Commercial Grocery Store  

14 Office Condominium C-OFF COM Commercial Office  

15 Shopping center C-SHOP COM Commercial Shopping Center  

16 Residence on commercial land MISC-COM COM Miscellaneous Commercial 

17 Office General C-OFF COM Commercial Office  

18 Hotels, motels, resorts C-HOTEL COM Hotel  

19 Office medical/dental C-MED COM Commercial Medical  

20 Vacant, commercial MISC Misc Miscellaneous 

21 Restaurants, cocktail lounges C-REST COM Commercial Restaurants  

22 Fast food restaurant C-RESTFF COM Commercial Fast Food Rest  

23 
Banks, Savings and Loans, 
credit unions 

C-OFF COM Commercial Office  

24 Mini-market, with gas C-GROC COM Commercial Grocery Store  

25 Service station C-SERV COM Commercial Service-Auto  

26 Auto sales, repair C-AUTO COM Commercial Auto Sales  

27 Parking lots MISC Misc Miscellaneous 

28 Mobile Home Park MH MH Mobile Home Single/Double 

29 Miscellaneous Commercial MISC-COM COM Miscellaneous Commercial 

30 Vacant Industrial MISC Misc Miscellaneous 

31 Light Industrial I-LT IND Industrial Light  
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Table A-9.  Placer County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

32 Heavy Industrial I-HV IND Industrial Heavy Manufacture  

33 Food Processing I-LT IND Industrial Light  

35 Industrial Condominium MISC-IND IND Miscellaneous Industrial 

36 
Uncovered storage, wrecking 
yard 

MISC-IND IND Miscellaneous Industrial 

37 Mini-storage, covered storage I-WH IND Industrial Warehouse  

38 Warehouse I-WH IND Industrial Warehouse  

39 Miscellaneous Industrial MISC-IND IND Miscellaneous Industrial 

40 Irrigated Farm CROP CROP Crops 

41 Orchards, vineyards CROP CROP Crops 

44 Rice crop CROP CROP Crops 

48 Poultry and small animals FARM FARM 
Farm Buildings Including Primary 
RES 

50 Vacant, dry farm MISC MISC Miscellaneous 

51 Dry farm with residence FARM FARM 
Farm Buildings Including Primary 
RES 

55 Timberland, unrestricted CROP CROP Crops 

56 Timberland, zoned TPZ CROP CROP Crops 

60 Definition Not Available MISC MISC Miscellaneous 

61 Non-profit camps/parks P-REC PUB Public Recreation/Assembly  

62 Theater, bowling alley P-REC PUB Public Recreation/Assembly  

63 Marina, pier PORT PUB Ports 

64 Lodges, halls P-REC PUB Public Recreation/Assembly  

65 Tennis, swimming clubs P-REC PUB Public Recreation/Assembly  

66 Golf course P-REC PUB Public Recreation/Assembly  

67 Ski Facility P-REC PUB Public Recreation/Assembly  

68 Camps and parks, general P-REC PUB Public Recreation/Assembly  

69 Miscellaneous recreational P-REC PUB Public Recreation/Assembly  

71 Churches P-CH PUB Public Church  

72 Schools P-SCH PUB Public and Private Schools  

73 Day Care Centers DAYCARE COM Daycare 

74 Hospitals-Community C-HOS COM Hospital  

75 Hospitals-Convalescent C-HOS COM Hospital  

76 Miscellaneous public buildings MISC-PUB PUB Miscellaneous Public/Gov 

77 Cemeteries MISC MISC Miscellaneous 

78 Airport AIR PUB Airport 

79 Miscellaneous institutional MISC-PUB PUB Miscellaneous Public/Government 

81 Utilities, public and private P-GOV PUB Public Government Building  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

82 Mining Quarry I-HV IND Industrial Heavy Manufacture  

83 Mineral Rights MISC MISC Miscellaneous 

84 Mining Claims MISC MISC Miscellaneous 

85 Pipeline Right of Way MISC MISC Miscellaneous 

86 Wetlands, vernal pools MISC MISC Miscellaneous 

87 Rivers, lakes, reservoir, canal MISC MISC Miscellaneous 

88 Highways, road, streets MISC MISC Miscellaneous 

89 Common Area MISC MISC Miscellaneous 

90 Greenbelt MISC MISC Miscellaneous 

97 CLCA restriction, non-renewal MISC MISC Miscellaneous 

98 
CLCA restriction, under 
contract 

MISC MISC Miscellaneous 
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Table A-10.  Plumas County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

00 Unassigned MISC MISC Miscellaneous 

05 Manufactured Homes MFR MFR Multi-Family Residential  

10 Vacant Lot Residential MISC MISC Miscellaneous  

1001 
Vacant Lot with miscellaneous 
improvements 

MISC MISC Miscellaneous  

11 Single-family Residential SFR SFR Single-family Residential 

12 Condominiums – Townhouses MFR MFR Multi-Family Residential  

20 Vacant Land Multiple MISC MISC Miscellaneous  

2001 
Vacant Land Multiple with 
miscellaneous improvements 

MISC MISC Miscellaneous  

21 Multiple Residential Miscellaneous MFR MFR Multi-Family Residential  

211 Multiple Residential MFR MFR Multi-Family Residential  

212 Two Dwelling Units MFR MFR Multi-Family Residential  

2122 Duplex MFR MFR Multi-Family Residential  

213 Three Dwelling Units MFR MFR Multi-Family Residential  

2133 Triplex MFR MFR Multi-Family Residential  

215 5 to 9 Apartment units MFR MFR Multi-Family Residential  

216 10 to 19 Apartment units MFR MFR Multi-Family Residential  

217 20 to 49 Apartment units MFR MFR Multi-Family Residential  

218 50 or more Apartment units MFR MFR Multi-Family Residential  

23 Manufactured Home Parks MFR MFR Multi-Family Residential  

30 Vacant Land Rural MISC MISC Miscellaneous  

3001 
Vacant Rural with miscellaneous 
improvements 

MISC MISC Miscellaneous  

31 Rural with residence FARM FARM 
Farm Buildings Including Primary 
RES 

33 LCA Contracts MISC MISC Miscellaneous  

3301 LCA Contract with improvements MISC MISC Miscellaneous  

35 Definition Not Available MISC MISC Miscellaneous  

36 TPZ Contract with residential MISC MISC Miscellaneous  

37 TPZ Contract Land MISC MISC Miscellaneous  

40 Vacant Land Industrial MISC MISC Miscellaneous  

4001 
Vacant Industrial with 
miscellaneous improvements 

MISC MISC Miscellaneous  

41 Industrial I-LT IND Industrial Light  

50 Vacant Land Commercial MISC MISC Miscellaneous 

5001 
Vacant Commercial with 
miscellaneous improvements 

MISC MISC Miscellaneous 

51 Commercial Improved MISC-COM COM Miscellaneous Commercial 
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

511 Retail C-RET COM Commercial Retail  

512 Office C-OFF COM Commercial Office  

5121 Medical Office C-MED COM Commercial Medical  

513 Motel - Bed and Breakfast C-HOTEL COM Hotel  

514 Automobile Related C-AUTO COM Commercial Auto Sales  

515 Fast Gas with Convenience Store C-SERV COM Commercial Service-Auto  

516 Food Store or Grocery Store C-GROC COM Commercial Grocery Store  

52 Definition Not Available MISC MISC MISC 

54 Recreational P-REC PUB Public Recreation/Assembly  

542 Definition Not Available MISC MISC Miscellaneous  

543 Definition Not Available MISC MISC Miscellaneous  

57 Hanger I-WH IND Industrial Warehouse  

60 Vacant Land Valued by SBE MISC MISC Miscellaneous 

70 
Condominium/Townhouse 
Common Area 

MFR MFR Multi-Family Residential  

80 Vacant Land Non-taxable MISC MISC Miscellaneous  

81 Improved Land Non-taxable MISC MISC Miscellaneous  

82 Definition Not Available MISC MISC Miscellaneous  

90 Mineral Rights MISC MISC Miscellaneous  

AD Definition Not Available MISC MISC Miscellaneous  

AF Definition Not Available MISC MISC Miscellaneous  

AG Definition Not Available MISC MISC Miscellaneous  

AGXX Definition Not Available MISC MISC Miscellaneous  

AX Definition Not Available MISC MISC Miscellaneous  

BG Definition Not Available MISC MISC Miscellaneous  

BGXX Definition Not Available MISC MISC Miscellaneous  

BV Definition Not Available MISC MISC Miscellaneous  

BX Definition Not Available MISC MISC Miscellaneous  

CA Definition Not Available MISC MISC Miscellaneous  

CB Definition Not Available MISC MISC Miscellaneous  

CC Definition Not Available MISC MISC Miscellaneous  

CF Definition Not Available MISC MISC Miscellaneous  

CG Definition Not Available MISC MISC Miscellaneous  

CH Definition Not Available MISC MISC Miscellaneous  

CL Definition Not Available MISC MISC Miscellaneous  

CM Definition Not Available MISC MISC Miscellaneous  

CO Definition Not Available MISC MISC Miscellaneous  

CORX Definition Not Available MISC MISC Miscellaneous  



 County Landuse Codes 

January 2012 A-31 

Public Draft 

Table A-10.  Plumas County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

COXX Definition Not Available MISC MISC Miscellaneous  

CP Definition Not Available MISC MISC Miscellaneous  

CR Definition Not Available MISC MISC Miscellaneous  

CRRN Definition Not Available MISC MISC Miscellaneous  

CRXX Definition Not Available MISC MISC Miscellaneous  

CS Definition Not Available MISC MISC Miscellaneous  

CSXX Definition Not Available MISC MISC Miscellaneous  

CV Definition Not Available MISC MISC Miscellaneous  

CW Definition Not Available MISC MISC Miscellaneous  

CX Definition Not Available MISC MISC Miscellaneous  

GE Definition Not Available MISC MISC Miscellaneous  

GF Definition Not Available MISC MISC Miscellaneous  

GO Definition Not Available MISC MISC Miscellaneous  

GR Definition Not Available MISC MISC Miscellaneous  

GU Definition Not Available MISC MISC Miscellaneous  

GV Definition Not Available MISC MISC Miscellaneous  

GX Definition Not Available MISC MISC Miscellaneous  

IF Definition Not Available MISC MISC Miscellaneous  

IN Definition Not Available MISC MISC Miscellaneous  

IP Definition Not Available MISC MISC Miscellaneous  

IQ Definition Not Available MISC MISC Miscellaneous  

IV Definition Not Available MISC MISC Miscellaneous  

IW Definition Not Available MISC MISC Miscellaneous  

IX Definition Not Available MISC MISC Miscellaneous  

JX Definition Not Available MISC MISC Miscellaneous  

NC Definition Not Available MISC MISC Miscellaneous  

NM Definition Not Available MISC MISC Miscellaneous  

NN Definition Not Available MISC MISC Miscellaneous  

NR Definition Not Available MISC MISC Miscellaneous  

NT Definition Not Available MISC MISC Miscellaneous  

NV Definition Not Available MISC MISC Miscellaneous  

NX Definition Not Available MISC MISC Miscellaneous  

NXRX Definition Not Available MISC MISC Miscellaneous  

QX Definition Not Available MISC MISC Miscellaneous  

RC Definition Not Available MISC MISC Miscellaneous  

RF Definition Not Available MISC MISC Miscellaneous  

RI Definition Not Available MISC MISC Miscellaneous  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

RIRX Definition Not Available MISC MISC Miscellaneous  

RJ Definition Not Available MISC MISC Miscellaneous  

RK Definition Not Available MISC MISC Miscellaneous  

RL Definition Not Available MISC MISC Miscellaneous  

RM Definition Not Available MISC MISC Miscellaneous  

RMXX Definition Not Available MISC MISC Miscellaneous  

RN Definition Not Available MISC MISC Miscellaneous  

RNXX Definition Not Available MISC MISC Miscellaneous  

RT Definition Not Available MISC MISC Miscellaneous  

RTXF Definition Not Available MISC MISC Miscellaneous  

RTXX Definition Not Available MISC MISC Miscellaneous  

RV Definition Not Available MISC MISC Miscellaneous  

RX Definition Not Available MISC MISC Miscellaneous  

RXDX Definition Not Available MISC MISC Miscellaneous  

RXMX Definition Not Available MISC MISC Miscellaneous  

RXRE Definition Not Available MISC MISC Miscellaneous  

RXXF Definition Not Available MISC MISC Miscellaneous  

RXXX Definition Not Available MISC MISC Miscellaneous  

SO Definition Not Available MISC MISC Miscellaneous  

SV Definition Not Available MISC MISC Miscellaneous  

SX Definition Not Available MISC MISC Miscellaneous  

TX Definition Not Available MISC MISC Miscellaneous  

UC Definition Not Available MISC MISC Miscellaneous  

UF Definition Not Available MISC MISC Miscellaneous  

UFXX Definition Not Available MISC MISC Miscellaneous  

UT Definition Not Available MISC MISC Miscellaneous  

UV 
Vacant Land – Code Being 
Phased Out 

MISC MISC Miscellaneous  

UVXX Definition Not Available MISC MISC Miscellaneous  

UX Definition Not Available MISC MISC Miscellaneous  

VX Definition Not Available MISC MISC Miscellaneous  

XX Definition Not Available MISC MISC Miscellaneous  

YC Definition Not Available MISC MISC Miscellaneous  

YN Definition Not Available MISC MISC Miscellaneous  

YT Definition Not Available MISC MISC Miscellaneous  

YV Definition Not Available MISC MISC Miscellaneous  

YX Definition Not Available MISC MISC Miscellaneous  

ZX Definition Not Available MISC MISC Miscellaneous  
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Table A-11.  Sacramento County Land Use Codes  

Due to its size the Land Use Codes for Sacramento County will not be included.  The Land Use 

Codes will be available electronically upon request. 
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

001 
Vacant Residential Lot – 
Development with Utilities 

MISC MISC Miscellaneous 

002 
Vacant Lot with PROB. W/C 
Precludes Building A RE 

MISC MISC Miscellaneous 

003 
Vacant Lot – Totally Unusable 
(incurable) 

MISC MISC Miscellaneous 

004 
Vacant Residential Lot with 
miscellaneous Residential 
IMPRS (garage) 

MISC MISC Miscellaneous 

005 
Vacant Residential Subdivision 
Site 

MISC MISC Miscellaneous 

006 
Vacant Residential Lot-
Undeveloped 

MISC MISC Miscellaneous 

007 
Potential Residential 
Subdivision 

MISC MISC Miscellaneous 

010 Single-Family Dwelling (SFD) SFR SFR Single-family Residential 

011 Condominium Unit MFR MFR Multi-Family Residential  

012 
Planned Unit Residential 
Development (PURD) 

SFR SFR Single-family Residential 

013 
Single-Family Residence with 
Secondary Residential Square 
Footage 

SFR SFR Single-family Residential 

014 
SFD with Secondary Use (i.e., 
barber shop) 

SFR SFR Single-family Residential 

015 Zero Lot Line Residential MISC MISC Miscellaneous 

016 
Residential Lot with Mobile 
Home 

MH MH Mobile Home Single/Double 

017 
Single-Family with Common 
Wall (duet, halfplex, etc.) 

SFR SFR Single-family Residential 

020 Vacant Lot (zoned for two units) MISC MISC Miscellaneous 

021 One Duplex – One Building MFR MFR Multi-Family Residential  

022 Two SFDs On Single Parcel MFR MFR Multi-Family Residential  

030 
Vacant Lot Zoned for 3 or 4 
Units 

MISC MISC Miscellaneous 

031 
Single Triplex – (3 units, 1 
structure) 

MFR MFR Multi-Family Residential  

032 
Three Units - 2 or More 
Structures 

MFR MFR Multi-Family Residential  

034 Single Fourplex MFR MFR Multi-Family Residential  

035 Four Units, 2 or More Structures MFR MFR Multi-Family Residential  

040 
Vacant Lots Zoned for 
Apartments 

MISC MISC Miscellaneous 
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Table A-12.  San Joaquin County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

041 
5-10 Residential Units – Single 
Building 

MFR MFR Multi-Family Residential  

042 
5-10 Residential Units – 2 or 
more Buildings 

MFR MFR Multi-Family Residential  

043 
11-20 Residential Units – One 
Structure 

MFR MFR Multi-Family Residential  

044 
11-20 Residential Units – 2 or 
more Buildings 

MFR MFR Multi-Family Residential  

045 21-40 Units MFR MFR Multi-Family Residential  

046 41-100 Units MFR MFR Multi-Family Residential  

047 Over 100 Units MFR MFR Multi-Family Residential  

048 High-Rise Apartments MFR MFR Multi-Family Residential  

050 
Rural Residential – Vacant 
Homesite 

FARM FARM 
Farm Buildings Including Primary 
Residence 

051 Rural Residence – 1 Residence SFR SFR Single-family Residential 

052 
Rural Residential – 2 or more 
residences 

MFR MFR Multi-Family Residential  

053 
Rural Residential – Vacant – 
Development with 

FARM FARM 
Farm Buildings Including Primary 
Residence 

054 
Rural Residences. - with 
Miscellaneous Residences. 
IMPS; Only 

FARM FARM 
Farm Buildings Including Primary 
Residence 

055 Labor Camp FARM FARM 
Farm Buildings Including Primary 
Residence 

056 
Rural Residential with Mobil 
Home 

MH MH Mobile Home Single/Double 

059 
Residential Care Home (6 units 
or less) 

MFR MFR Multi-Family Residential  

060 Motels Less Than 50 Units COM C-HOTEL Hotel  

061 Motels Over 50 Units COM C-HOTEL Hotel  

062 
Motels less than 50 units with 
some kitchens 

COM C-HOTEL Hotel  

063 
Motels over 50 Units with some 
Kitchens 

COM C-HOTEL Hotel  

064 
Motels Less Than 50 Units with 
Shops 

COM C-HOTEL Hotel  

065 
Motels Over 50 Units with 
Shops 

COM C-HOTEL Hotel  

068 Resort Motels – Cabins, Etc. COM C-HOTEL Hotel  

070 Hotel without Restaurant COM C-HOTEL Hotel  

071 Hotel with Restaurant COM C-HOTEL Hotel  

078 
Rooming House – Convent – 
Rectory, Etc. 

PUB P-GOV Public Government Building  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

080 Common Areas – No Structures MISC MISC Miscellaneous 

081 
Common Areas – with 
Structures 

PUB P-REC Public Recreation/Assembly  

082 
Common Areas – Roads and 
Streets 

Misc MISC Miscellaneous 

090 Mobile Home Park MH MH Mobile Home Single/Double 

091 Overnight Type Trailer Park MH MH Mobile Home Single/Double 

092 
Mobile Home Park with 
Overnight Facilities 

MH MH Mobile Home Single/Double 

093 Resort Type Trailer Park MH MH Mobile Home Single/Double 

094 Mobile Home Condominium Lot MH MH Mobile Home Single/Double 

095 Mobile Home Appurtenances MH MH Mobile Home Single/Double 

096 Mobile Home MH MH Mobile Home Single/Double 

100 
Vacant Commercial Land – 
Undeveloped 

MISC MISC Miscellaneous 

101 
Vacant Commercial Land with 
Utilities 

MISC MISC Miscellaneous 

102 
Vacant Commercial Land with 
Miscellaneous IMPS 

MISC MISC Miscellaneous 

107 
Potential Commercial 
Subdivision 

COM MISC-COM Miscellaneous Commercial 

110 Single-Story COM MISC-COM Miscellaneous Commercial 

111 Multiple-Story Stories COM MISC-COM Miscellaneous Commercial 

112 Multiple Stores in one Building COM MISC-COM Miscellaneous Commercial 

113 
Store with Residential Unit or 
Units 

COM C-RET Commercial Retail  

114 Store Condo COM C-RET Commercial Retail  

120 1 store and 1 office COM C-OFF Commercial Office  

121 
Multiple Combination of Offices, 
Shops 

COM C-OFF Commercial Office  

130 1-Story Department Store COM C-RET Commercial Retail  

131 2-Story Department Store COM C-RET Commercial Retail  

140 Grocery Store COM C-GROC Commercial Grocery Store  

141 Supermarkets COM C-RET Commercial Retail  

142 Convenience Store COM C-RET Commercial Retail  

143 
Convenience Store with Gas 
Sales 

COM C-RET Commercial Retail  

144 Fruit Stand COM C-FOOD Commercial Food-Retail  

150 Regional Shopping Center COM C-RET Commercial Retail  

151 Community Shopping Center COM C-RET Commercial Retail  
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Table A-12.  San Joaquin County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

152 Neighborhood Shopping Center COM C-RET Commercial Retail  

153 
Individual Parcel Within 
Regional Shopping 

COM C-RET Commercial Retail  

154 
Individual Parcel Within 
Community Center 

COM C-RET Commercial Retail  

155 
Individual Parcel within 
neighborhood Shopping 

COM C-RET Commercial Retail  

156 Shopping Center Common Area COM C-RET Commercial Retail  

170 1-Story Office Building COM C-OFF Commercial Office  

171 2-Story Office Building COM C-OFF Commercial Office  

172 3 or More Story Office Building COM C-OFF Commercial Office  

173 
Office Building with Residential 
Unit or Units 

COM C-OFF Commercial Office  

180 Assisted Living Residence SFR SFR Single-family Residential 

181 Congregate Seniors Housing MFR MFR Multi-Family Residential  

182 
Continuing Care Retirement 
Community 

MFR MFR Multi-Family Residential  

183 Skilled Nursing Facility COM ELDER Eldercare 

184 
Specialty Home 
(Developmentally Disable) 

COM ELDER Eldercare 

190 Medical Offices COM C-OFF Commercial Office  

191 Dental Offices COM C-OFF Commercial Office  

192 Medical Dental Complex COM C-MED Commercial Medical  

193 Veterinary Hospitals COM C-HOS Hospital  

194 One-Story Office Condo COM C-OFF Commercial Office  

195 Two-Story Office Condo COM C-OFF Commercial Office  

196 Medical Office Condo COM C-OFF Commercial Office  

197 Dental Office Condo COM C-RET Commercial Retail  

200 
Commercial Common Area – 
Non Shopping C 

COM C-RET Commercial Retail  

201 
Miscellaneous Multiple Uses – 
None Fully Dominant 

COM MISC-COM Miscellaneous Commercial 

202 Commercial Use COM MISC-COM Miscellaneous Commercial 

203 Animal Training Facility COM MISC-COM Miscellaneous Commercial 

204 Day Care Center COM DAYCARE Daycare 

210 Restaurants COM C-REST Commercial Restaurants  

211 Fast Food Restaurants COM C-RESTFF Commercial Fast Food Rest  

212 
Food Preparation – Take Out 
Only 

COM C-FOOD Commercial Food-Retail  

213 Cocktail Lounge – Bars COM C-REST Commercial Restaurants  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

214 
Restaurant with Residential Unit 
or Units 

COM C-REST Commercial Restaurants  

230 Walk-In Theaters PUB P-REC Public Recreation/Assembly  

231 Multiple Screen Theaters PUB P-REC Public Recreation/Assembly  

240 Banks COM C-RET Commercial Retail  

250 Full Service Stations COM C-SERV Commercial Service-Auto  

251 
Self Service. Station (has no 
facilities) 

COM C-SERV Commercial Service-Auto  

252 Service Station with Car Wash COM C-SERV Commercial Service-Auto  

253 Truck Terminals IND I-WH Industrial Warehouse  

254 Bulk Plants IND I-WH Industrial Warehouse  

255 
Self Service Station with Mini 
Mart 

COM C-SERV Commercial Service-Auto  

256 
Convenience Store (mini-mart) 
with gas station 

COM C-SERV Commercial Service-Auto  

260 Auto Sales with Service Center COM C-AUTO Commercial Auto Sales  

261 
Auto Sales without Service 
Center 

COM C-AUTO Commercial Auto Sales  

262 Used Car Lot COM C-AUTO Commercial Auto Sales  

263 
Other Sales Centers (Trailers, 
mobile home 

COM C-AUTO Commercial Auto Sales  

270 
Farm or CONTS. Machine Sales 
and Service 

FARM FARM 
Farm Buildings Including Primary 
RES Residence 

271 
Farm or CONTS. Machine Sales 
Only 

FARM FARM 
Farm Buildings Including Primary 
Residence 

272 
Farm or CONST. Machine Sales 
Only 

FARM FARM 
Farm Buildings Including Primary 
Residence 

280 
Auto and Truck Repairs and 
Accessories 

COM C-SERV Commercial Service-Auto  

281 
Specialty Shops (Tires, Brakes, 
Etc.) 

COM C-SERV Commercial Service-Auto  

282 Car Wash COM C-SERV Commercial Service-Auto  

283 Self Service Car Wash COM C-SERV Commercial Service-Auto  

284 Laundry COM C-RET Commercial Retail  

285 Auto Body Shop COM C-SERV Commercial Service-Auto  

290 Retail Nursery COM C-RET Commercial Retail  

291 Commercial/Wholesale Nursery COM C-RET Commercial Retail  

300 
Vacant Industrial Land 
Undeveloped 

IND I-LT Industrial Light  

301 
Vacant Industrial Land – 
Developed With 

IND I-LT Industrial Light  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

302 
Vacant Industrial Land with 
Miscellaneous IMPS 

IND I-LT Industrial Light  

307 Potential Industrial Subdivision IND I-LT Industrial Light  

310 
Light Manufacturing and Light 
Industrial 

IND I-LT Industrial Light  

311 
Light Industrial and 
Warehousing 

IND I-LT Industrial Light  

312 
Light Industrial Warehouse 
Multiple Tenants 

IND I-LT Industrial Light  

313 Industrial Condo MFR MFR Multi-Family Residential  

314 
Shop-Work Area with Small 
Office 

COM C-RET Commercial Retail  

320 Warehousing – Active IND I-WH Industrial Warehouse  

321 Warehousing – Inactive IND I-WH Industrial Warehouse  

323 Warehousing – Yard IND I-WH Industrial Warehouse  

324 Mini Storage Warehousing IND I-WH Industrial Warehouse  

330 Lumber Mills IND I-LT Industrial Light  

331 Retail Lumber Yards IND I-LT Industrial Light  

332 
Specialty Lumber Products 
(Mouldings, SA 

IND I-LT Industrial Light  

340 Packing Plants IND I-LT Industrial Light  

341 
Cold Storage or Refrigerated 
Warehouse 

IND I-LT Industrial Light  

350 Fruit and Vegetable IND I-LT Industrial Light  

351 Meat Products IND I-LT Industrial Light  

352 Large Winery IND I-LT Industrial Light  

353 Small/Boutique Winery COM C-RET Commercial Retail  

355 Other Food Processing IND I-LT Industrial Light  

360 Feed and Grain Mills IND I-LT Industrial Light  

361 Retail Feed and Grain Sales IND I-LT Industrial Light  

362 Stockyards IND I-LT Industrial Light  

363 
AG Chemical Sales and/or 
Application 

IND I-LT Industrial Light  

370 Heavy Industry IND I-HV Industrial Heavy Manufacture  

371 Shipyard IND I-HV Industrial Heavy Manufacture  

380 Mineral Processing IND I-HV Industrial Heavy Manufacture  

381 Sand and Gravel – Shale MISC MISC Miscellaneous 

390 Industrial Common Area IND I-LT Industrial Light  

391 
Miscellaneous Industrial Multiple 
Uses – None Full 

IND I-LT Industrial Light  
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Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

392 
Industrial Use (doesn't 
reasonably fit any 

IND I-LT Industrial Light  

393 Airport (private PUB AIR Airport 

400 Irrigated Orchard CROP CROP Crops 

401 
Irrigated Orchard with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
RES Residence 

420 Irrigated Vineyard CROP CROP Crops 

421 
Irrigated Vineyard with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
Residence 

450 Irrigated Row Crops CROP CROP Crops 

451 
Irrigated Row Crops with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
Residence 

460 Irrigated Pasture CROP CROP Crops 

461 
Irrigated Pasture with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
Residence 

462 Horse Ranch CROP CROP Crops 

463 Horse Ranch with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

470 Dairy IND I-LT Industrial Light  

471 Dairy with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

480 Poultry Ranch CROP CROP Crops 

481 Poultry Ranch with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

490 Feed Lots MISC MISC Miscellaneous 

500 Dry Farm CROP CROP Crops 

501 Dry Farm with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

510 Dry Graze CROP CROP Crops 

511 Dry Graze with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

520 Non-Irrigated Vineyards CROP CROP Crops 

521 
Non-Irrigated Vineyards with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
RES Residence 

530 Specialty Farms  CROP CROP Crops 

550 Tree Farm CROP CROP Crops 

551 
Tree Farm (with or without 
residence) 

FARM FARM 
Farm Buildings Including Primary 
Residence 

590 Waste Lands MISC MISC Miscellaneous 

591 Berms MISC MISC Miscellaneous 

610 Swim Centers PUB P-REC Public Recreation/Assembly  
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Table A-12.  San Joaquin County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

611 Recreational Centers PUB P-REC Public Recreation/Assembly  

612 Marina or Yachting Club PUB PORT Ports 

613 Racquetball Club PUB P-REC Public Recreation/Assembly  

614 Tennis Club PUB P-REC Public Recreation/Assembly  

615 Private Campground or Resort PUB P-REC Public Recreation/Assembly  

620 Privately Owned Dance Halls PUB P-REC Public Recreation/Assembly  

630 Bowling Alleys PUB P-REC Public Recreation/Assembly  

631 
Arcades and Amusement 
Centers 

PUB P-REC Public Recreation/Assembly  

632 Skating Rink PUB P-REC Public Recreation/Assembly  

640 Clubs, Lodge Halls PUB P-REC Public Recreation/Assembly  

650 
Privately Owned Auditoriums 
and Stadiums 

PUB P-REC Public Recreation/Assembly  

660 18-Hole Public Golf Course PUB P-REC Public Recreation/Assembly  

661 9-Hole Public Golf Course PUB P-REC Public Recreation/Assembly  

662 Country Club PUB P-REC Public Recreation/Assembly  

664 Driving Range PUB P-REC Public Recreation/Assembly  

670 Privately Owned Race Tracks PUB P-REC Public Recreation/Assembly  

680 
Non-Profit Organizations Camps 
(Boy Scouts, Etc.) 

PUB P-REC Public Recreation/Assembly  

690 Privately Owned Parks PUB P-REC Public Recreation/Assembly  

710 Church, Synagogue or Temple PUB P-GOV Public Government Building  

711 Other Church Property PUB P-GOV Public Government Building  

720 Private School PUB P-SCH Public and Private Schools  

721 Parochial School PUB P-SCH Public and Private Schools  

722 Special School PUB P-SCH Public and Private Schools  

730 Private Colleges PUB P-SCH Public and Private Schools  

740 Full Service Hospital COM C-HOS Hospital  

742 Clinic COM C-MED Commercial Medical  

760 Orphanages MFR MISC-MFR Miscellaneous Residential 

770 Cemeteries (non-profit) MISC MISC Miscellaneous 

771 Mortuaries and Funeral Homes COM C-MED Commercial Medical  

772 Cemetery Taxable (profit) MISC MISC Miscellaneous 

810 SBE valued MISC MISC Miscellaneous 

811 Utility Water Company PUB P-GOV Public Government Building  

812 Mutual Water Company PUB P-GOV Public Government Building  

813 Cable TV PUB P-GOV Public Government Building  

814 Radio and TV Broadcast Site PUB P-GOV Public Government Building  
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Table A-12.  San Joaquin County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

815 Pipeline Right-Of-Way PUB P-GOV Public Government Building  

850 Right-Of-Way MISC MISC Miscellaneous 

851 Private Road MISC MISC Miscellaneous 

860 Well Site MISC MISC Miscellaneous 

861 Tank Site MISC MISC Miscellaneous 

862 
Springs and Other Water 
Sources 

MISC MISC Miscellaneous 

870 Rivers and Lakes MISC MISC Miscellaneous 

890 Parking Lots – Fee MISC MISC Miscellaneous 

891 Parking Lots – No Fee MISC MISC Miscellaneous 

892 Parking Garages MISC MISC Miscellaneous 

900 Vacant Federal Lands MISC MISC Miscellaneous 

901 Federal Buildings PUB P-GOV Public Government Building  

902 Military Installation PUB P-GOV Public Government Building  

903 Miscellaneous Federal Property PUB P-GOV Public Government Building  

910 Vacant State Lands MISC MISC Misc Miscellaneous 

911 State Buildings PUB P-GOV Public Government Building  

913 
State Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

914 State Schools, Colleges PUB P-SCH Public and Private Schools  

916 Miscellaneous State Property PUB P-GOV Public Government Building  

920 Vacant County Land Misc MISC Misc Miscellaneous 

921 County Buildings PUB P-GOV Public Government Building  

923 
County Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

924 County Hospitals COM C-HOS Hospital  

925 Miscellaneous County Property PUB P-GOV Public Government Building  

930 Vacant City Lands PUB P-GOV Public Government Building  

931 City Buildings PUB P-GOV Public Government Building  

932 City Shops and Yard PUB P-GOV Public Government Building  

933 
City Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

934 
Municipal Utility Prop. 
(reservoirs, sewer pipeline) 

PUB P-GOV Public Government Building  

935 Parking Lots – Garages IND I-WH Industrial Warehouse  

936 Municipal Airports PUB AIR Airport 

937 Miscellaneous City Property PUB MISC-PUB Miscellaneous Public/Government 

940 School District Properties PUB P-SCH Public and Private Schools  

941 Fire Districts PUB FIRE Fire station 
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Table A-12.  San Joaquin County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

942 Flood Control District Property PUB P-GOV Public Government Building  

943 Water District Property PUB P-GOV Public Government Building  

944 Miscellaneous District property PUB P-GOV Public Government Building  

950 
Public Owned Land – Non-
Taxable 

PUB P-GOV Public Government Building  

951 
Public Owned Land – Taxable 
[Section 11] 

PUB P-GOV Public Government Building  

931 City Buildings PUB P-GOV Public Government Building  

932 City Shops and Yard PUB P-GOV Public Government Building  

933 
City Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

934 
Municipal Utility property 
(reservoirs, sewer pipeline) 

PUB P-GOV Public Government Building  

935 Parking Lots – Garages IND I-WH Industrial Warehouse  

936 Municipal Airports PUB AIR Airport 

937 Miscellaneous City Property PUB MISC-PUB Miscellaneous Public/Government 

940 School District Properties PUB P-SCH Public and Private Schools  

941 Fire Districts PUB FIRE Fire station 

942 Flood Control District Property PUB P-GOV Public Government Building  

943 Water District Property PUB P-GOV Public Government Building  

944 Miscellaneous District property PUB P-GOV Public Government Building  

950 
Public Owned Land – Non-
Taxable 

PUB P-GOV Public Government Building  

951 
Public Owned Land – Taxable 
(Section 11) 

PUB P-GOV Public Government Building  

931 City Buildings PUB P-GOV Public Government Building  

932 City Shops and Yard PUB P-GOV Public Government Building  

933 
City Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

934 
Municipal Utility Property 
(reservoirs, sewer pipeline) 

PUB P-GOV Public Government Building  

935 Parking Lots – Garages IND I-WH Industrial Warehouse  

936 Municipal Airports PUB AIR Airport 

937 Miscellaneous City Property PUB MISC-PUB Miscellaneous Public/Government 

940 School District Properties PUB P-SCH Public and Private Schools  

941 Fire Districts PUB FIRE Fire station 

942 Flood Control District Property PUB P-GOV Public Government Building  

943 Water District Property PUB P-GOV Public Government Building  

944 Miscellaneous District property PUB P-GOV Public Government Building  
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Table A-12.  San Joaquin County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

950 
Public Owned Land – Non-
Taxable 

PUB P-GOV Public Government Building  

951 
Public Owned Land – Taxable 
(Section 11) 

PUB P-GOV Public Government Building  
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Table A-13.  Solano County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

1000 
Improved single-family 
residential properties 

SFR SFR Single-family Residential 

1100 
Vacant single-family residential 
properties 

SFR SFR Single-family Residential 

1500 Single-family condominiums SFR SFR Single-family Residential 

2000 Vacant multiple residential land MISC MISC Miscellaneous 

2100 
Improved multiple residential 
land 

MISC MISC Miscellaneous 

2700 Mobile home park MH MH Mobile Home Single/Double 

3000 Vacant commercial land Misc MISC Miscellaneous 

3100 Marinas PUB PORT Ports 

3400 Service stations COM C-SERV Commercial Service-Auto  

3500 Commercial sales and services COM C-RET Commercial Retail  

3800 Hotels and motels COM C-HOTEL Hotel  

4000 Vacant industrial land MISC MISC Miscellaneous 

4400 Manufacturing and warehousing IND I-LT Industrial Light  

5000 Agricultural property FARM FARM 
Farm Buildings Including Primary 
Residence 

6100 Definition Not Available MISC MISC Miscellaneous 

6400 Range and watershed CROP CROP Crops 

8100 Church properties PUB P-CH Public Church  

8200 Schools PUB P-SCH Public and Private Schools  

8300 Hospitals COM C-HOS Hospital  

8400 Cemeteries MISC MISC Miscellaneous 

8500 Cultural uses PUB P-REC Public Recreation/Assembly  

8700 Clubs and lodges PUB P-REC Public Recreation/Assembly  

9700 Taxable below minimum value MISC MISC Miscellaneous 

9800 
Governmental and 
miscellaneous 

PUB P-GOV Public Government Building  
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Table A-14.  Stanislaus County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

010 
Vacant R-1 – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

020 
Vacant R-2 – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

030 
Vacant R-3 – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

040 
Vacant PD – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

050 Unassigned/Null (0,0,0) MISC MISC Miscellaneous 

060 Vacant/Null (0,0,0) MISC MISC Miscellaneous 

070 
Vacant; Potential subdivision/Null 
(0,0,0) 

MISC MISC Miscellaneous 

075 
Vacant; Potential subdivision/Trees 
and Vines on property. (0,T,0) 

MISC MISC Miscellaneous 

076 
Vacant; Potential 
subdivision/Property is on the 
Williamson Act. (0,0,W) 

MISC MISC Miscellaneous 

080 
Vacant; Higher use potential/Null 
(0,0,0) 

MISC MISC Miscellaneous 

090 
Vacant; Miscellaneous various/Null 
(0,0,0) 

MISC MISC Miscellaneous 

101 

Single-family residence – no higher 
potential, no added value 
items/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR SFR Single-family Residential 

111 

Single-family residence – same as 
“10” w/pool, spa, or hot 
tub/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR SFR Single-family Residential 

121 

Single-family residence – same as 
“10” or “11” w/additional value 
items/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR SFR Single-family Residential 

122 

Single-family residence – same as 
“10” or “11” w/additional value 
items/Residential Living Unit and 
has trees and vines. (R,T,0) 

SFR SFR Single-family Residential 

131 
Condominium – and condo common 
area/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

141 
Mobile home site – 
developed/Residential Living Unit of 
any type is on the property (R,0,0) 

MH MH Mobile Home Single/Double 

160 
Zero lot line (Gentry Plan) – also 
Zero lot line Common area/Null 
(0,0,0) 

MISC MISC Miscellaneous 
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Table A-14.  Stanislaus County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

161 

Zero lot line (Gentry Plan) – also 
Zero lot line Common 
area/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

170 
Underimproved or 
overimproved/Null (0,0,0) 

SFR MISC-RES Miscellaneous Residential 

171 

Underimproved or 
overimproved/Residential Living 
Unit of any type is on the property 
(R,0,0) 

SFR SFR Single-family Residential 

181 
Single-family – higher use 
potential/Residential Living Unit of 
any type is on the property (R,0,0) 

SFR SFR Single-family Residential 

190 
Single-family – miscellaneous 
various - poor shape restricts /Null 
(0,0,0) 

SFR SFR Single-family Residential 

191 

Single-family – miscellaneous 
various - poor shape restricts 
/Residential Living Unit of any type 
is on the property (R,0,0) 

SFR SFR Single-family Residential 

201 

Duplex or triplex – no extra value 
items (pool, extra land, 
buildings)/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

211 

Duplex or triplex – with extra value 
items (pool, extra land, 
buildings)/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

221 

4 to 9 income units – may have 
pool, no significant excess 
land/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

231 
10 to 29 income units – same as 
22/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

241 
30 or more income units – same as 
22/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

261 

Non-uniform and mixed income 
units – 2 or more units, not owner 
occupied/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

262 

Non-uniform and mixed income 
units – 2 or more units, not owner 
occupied/Residential Living Unit and 
has trees and vines. (R,T,0) 

MFR MFR Multi-Family Residential  

270 
Potential subdivision property/Null 
(0,0,0) 

Misc MISC Miscellaneous 
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Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

271 
Potential subdivision 
property/Residential Living Unit of 
any type is on the property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

272 
Potential subdivision 
property/Residential Living Unit and 
has trees and vines. (R,T,0) 

SFR MISC-RES Miscellaneous Residential 

273 

Potential subdivision 
property/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

SFR MISC-RES Miscellaneous Residential 

274 
Potential subdivision 
property/Residential Living Unit, and 
is on the Williamson Act. (R,0,W) 

SFR MISC-RES Miscellaneous Residential 

275 
Potential subdivision property/Trees 
and Vines on property. (0,T,0) 

MISC MISC Miscellaneous 

277 
Potential subdivision property/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

MISC MISC Miscellaneous 

281 
Higher use potential 
property/Residential Living Unit of 
any type is on the property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

290 
Miscellaneous improvements – 
various/Null (0,0,0) 

MFR 
MISC-
MFR 

Miscellaneous Residential 

291 
Miscellaneous improvements – 
various/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR 
MISC-
MFR 

Miscellaneous Residential 

300 Vacant – C1 zoning/Null (0,0,0) MISC MISC Miscellaneous 

310 Vacant – C2 zoning/Null (0,0,0) MISC MISC Miscellaneous 

320 Vacant – PD commercial/Null (0,0,0) MISC MISC Miscellaneous 

330 Vacant – H1 zoning/Null (0,0,0) MISC MISC Miscellaneous 

340 
Vacant – M1, M2, or CM zoning/Null 
(0,0,0) 

MISC MISC Miscellaneous 

360 PD Office, AP, PO, PA/Null (0,0,0) COM C-OFF Commercial Office  

370 PD Industrial – PI/Null (0,0,0) IND I-LT Industrial Light  

380 
Vacant – higher use potential/Null 
(0,0,0) 

MISC MISC Miscellaneous 

387 
Vacant – higher use potential/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

MISC MISC Miscellaneous 

390 
Vacant – miscellaneous, mixed – 
mixtures of commercial and/or 
industrial/Null (0,0,0) 

MISC MISC Miscellaneous 

400 
Commercial stores and shops/Null 
(0,0,0) 

COM C-SHOP 
Commercial Shopping 
Center  



 County Landuse Codes 

January 2012 A-49 

Public Draft 
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

401 
Commercial stores and 
shops/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-SHOP 
Commercial Shopping 
Center  

410 Shopping centers/Null (0,0,0) COM C-SHOP 
Commercial Shopping 
Center  

411 
Shopping centers/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-SHOP 
Commercial Shopping 
Center  

420 Mini-marts/Null (0,0,0) COM C-SHOP 
Commercial Shopping 
Center  

421 
Mini-marts/Residential Living Unit of 
any type is on the property (R,0,0) 

COM C-FOOD Commercial Food-Retail  

430 Grocery stores/Null (0,0,0) COM C-GROC Commercial Grocery Store  

431 
Grocery stores/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-GROC Commercial Grocery Store  

440 
Auto sales and auto service 
centers/Null (0,0,0) 

COM C-AUTO Commercial Auto Sales  

441 
Auto sales and auto service 
centers/Residential Living Unit of 
any type is on the property (R,0,0) 

COM C-AUTO Commercial Auto Sales  

460 Recreational properties/Null (0,0,0) PUB P-REC Public Recreation/Assembly  

461 
Recreational properties/Residential 
Living Unit of any type is on the 
property (R,0,0) 

PUB P-REC Public Recreation/Assembly  

470 
Gas stations and auto repair 
shops/Null (0,0,0) 

COM C-SERV Commercial Service-Auto  

471 
Gas stations and auto repair 
shops/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-SERV Commercial Service-Auto  

480 Trailer parks/Null (0,0,0) PUB P-REC Public Recreation/Assembly  

481 
Trailer parks/Residential Living Unit 
of any type is on the property 
(R,0,0) 

MH MH Mobile Home Single/Double 

490 Transitional commercial/Null (0,0,0) COM 
MISC-
COM 

Miscellaneous Commercial 

491 
Transitional commercial/Residential 
Living Unit of any type is on the 
property (R,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

492 
Transitional commercial/Residential 
Living Unit and has trees and vines. 
(R,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

494 
Transitional commercial/Residential 
Living Unit, and is on the Williamson 
Act. (R,0,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 
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Name 

Corps OCC-Description 

497 
Transitional commercial/Trees and 
Vines on property and is on the 
Williamson Act. (0,T,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 

500 Restaurants and bars/Null (0,0,0) COM C-HOTEL Hotel  

501 
Restaurants and bars/Residential 
Living Unit of any type is on the 
property (R,0,0) 

COM C-HOTEL Hotel  

510 Fast food/Null (0,0,0) COM 
C-
RESTFF 

Commercial Fast Food Rest  

511 
Fast food/Residential Living Unit of 
any type is on the property (R,0,0) 

COM 
C-
RESTFF 

Commercial Fast Food Rest  

520 Office buildings/Null (0,0,0) COM C-OFF Commercial Office  

521 
Office buildings/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-OFF Commercial Office  

522 
Office buildings/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

COM C-OFF Commercial Office  

530 Hotels and motels/Null (0,0,0) COM C-HOTEL Hotel  

531 
Hotels and motels/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-HOTEL Hotel  

540 
Banks and savings and loans/Null 
(0,0,0) 

COM C-RET Commercial Retail  

541 
Banks and savings and 
loans/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-RET Commercial Retail  

560 
Medical and dental offices/Null 
(0,0,0) 

COM C-MED Commercial Medical  

561 
Medical and dental 
offices/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-MED Commercial Medical  

570 
Hospital and convalescent 
hospitals/Null (0,0,0) 

COM C-HOS Hospital  

571 
Hospital and convalescent 
hospitals/Residential Living Unit of 
any type is on the property (R,0,0) 

COM C-HOS Hospital  

580 
Churches and fraternal 
organizations/Null (0,0,0) 

PUB P-CH Public Church  

581 

Churches and fraternal 
organizations/Residential Living Unit 
of any type is on the property 
(R,0,0) 

PUB P-CH Public Church  
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Corps OCC-Description 

584 

Churches and fraternal 
organizations/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

PUB P-CH Public Church  

586 
Churches and fraternal 
organizations/Property is on the 
Williamson Act. (0,0,W) 

PUB P-CH Public Church  

587 

Churches and fraternal 
organizations/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

PUB P-CH Public Church  

590 
Miscellaneous – mixed 
commercial/Null (0,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

591 

Miscellaneous – mixed 
commercial/Residential Living Unit 
of any type is on the property 
(R,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

592 
Miscellaneous – mixed 
commercial/Residential Living Unit 
and has trees and vines. (R,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

595 
Miscellaneous – mixed 
commercial/Trees and Vines on 
property. (0,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

596 
Miscellaneous – mixed 
commercial/Property is on the 
Williamson Act. (0,0,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 

600 
Farm and heavy equipment dealers 
and service centers/Null (0,0,0) 

COM C-SERV Commercial Service-Auto  

601 

Farm and heavy equipment dealers 
and service centers/Residential 
Living Unit of any type is on the 
property (R,0,0) 

COM C-SERV Commercial Service-Auto  

610 Multi-use warehouses/Null (0,0,0) IND I-WH Industrial Warehouse  

611 
Multi-use warehouses/Residential 
Living Unit of any type is on the 
property (R,0,0) 

IND I-WH Industrial Warehouse  

612 
Multi-use warehouses/Residential 
Living Unit and has trees and vines. 
(R,T,0) 

IND I-WH Industrial Warehouse  

620 Mini-warehouses/Null (0,0,0) IND I-WH Industrial Warehouse  

621 
Mini-warehouses/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-WH Industrial Warehouse  

630 Warehouses/Null (0,0,0) IND I-WH Industrial Warehouse  

631 
Warehouses/Residential Living Unit 
of any type is on the property 
(R,0,0) 

IND I-WH Industrial Warehouse  
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640 Light industrial/Null (0,0,0) IND I-LT Industrial Light  

641 
Light industrial/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-LT Industrial Light  

660 Heavy industrial/Null (0,0,0) IND I-HV 
Industrial Heavy 
Manufacture  

661 
Heavy industrial/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-HV 
Industrial Heavy 
Manufacture  

662 
Heavy industrial/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

IND I-HV 
Industrial Heavy 
Manufacture  

664 
Heavy industrial/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

IND I-HV 
Industrial Heavy 
Manufacture  

670 Food processing/Null (0,0,0) IND I-LT Industrial Light  

671 
Food processing/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-LT Industrial Light  

674 
Food processing/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

IND I-LT Industrial Light  

680 
Refrigerated warehouses/Null 
(0,0,0) 

IND I-WH Industrial Warehouse  

681 

Refrigerated 
warehouses/Residential Living Unit 
of any type is on the property 
(R,0,0) 

IND I-WH Industrial Warehouse  

686 
Refrigerated warehouses/Property 
is on the Williamson Act. (0,0,W) 

IND I-WH Industrial Warehouse  

690 
Miscellaneous – mixed 
industrial/Null (0,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

691 
Miscellaneous – mixed 
industrial/Residential Living Unit of 
any type is on the property (R,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

692 
Miscellaneous – mixed 
industrial/Residential Living Unit and 
has trees and vines. (R,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

695 
Miscellaneous – mixed 
industrial/Trees and Vines on 
property. (0,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

696 
Miscellaneous – mixed 
industrial/Property is on the 
Williamson Act. (0,0,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 

700 
Undeveloped residential site/Null 
(0,0,0) 

SFR MISC-RES Miscellaneous Residential 
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706 
Undeveloped residential 
site/Property is on the Williamson 
Act. (0,0,W) 

SFR MISC-RES Miscellaneous Residential 

707 
Undeveloped residential site/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

SFR MISC-RES Miscellaneous Residential 

710 
Developed residential site/Null 
(0,0,0) 

SFR MISC-RES Miscellaneous Residential 

711 
Developed residential 
site/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

712 
Developed residential 
site/Residential Living Unit and has 
trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

713 

Developed residential 
site/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

714 
Developed residential 
site/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

720 
Irrigated open land farming/Null 
(0,0,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

721 
Irrigated open land 
farming/Residential Living Unit of 
any type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

722 
Irrigated open land 
farming/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

723 

Irrigated open land 
farming/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

724 
Irrigated open land 
farming/Residential Living Unit, and 
is on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

726 
Irrigated open land farming/Property 
is on the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary RES 

727 
Irrigated open land farming/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

730 Dry open land farming/Null (0,0,0) FARM 
MISC-
FARM 

Miscellaneous Farm 

731 
Dry open land farming/Residential 
Living Unit of any type is on the 
property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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734 
Dry open land farming/Residential 
Living Unit, and is on the Williamson 
Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

736 
Dry open land farming/Property is 
on the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

740 
Combination dry and irrigated 
farming/Null (0,0,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

741 
Combination dry and irrigated 
farming/Residential Living Unit of 
any type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

742 
Combination dry and irrigated 
farming/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

743 

Combination dry and irrigated 
farming/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

744 
Combination dry and irrigated 
farming/Residential Living Unit, and 
is on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

746 
Combination dry and irrigated 
farming/Property is on the 
Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

747 

Combination dry and irrigated 
farming/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

762 
Vineyard/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

763 
Vineyard/Residential Living Unit, 
has trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

765 
Vineyard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

767 
Vineyard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

770 
Chicken ranch (egg or meat)/Null 
(0,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

771 
Chicken ranch (egg or 
meat)/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

772 
Chicken ranch (egg or 
meat)/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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773 

Chicken ranch (egg or 
meat)/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

774 
Chicken ranch (egg or 
meat)/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

776 
Chicken ranch (egg or 
meat)/Property is on the Williamson 
Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary RES 

781 
Turkey ranch (egg or 
meat)/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

783 

Turkey ranch (egg or 
meat)/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

784 
Turkey ranch (egg or 
meat)/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

786 
Turkey ranch (egg or meat)/Property 
is on the Williamson Act. (0,0,W) 

IND I-LT Industrial Light  

793 
Unassigned/Residential Living Unit, 
has trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

794 
Unassigned/Residential Living Unit, 
and is on the Williamson Act. 
(R,0,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

796 
Unassigned/Property is on the 
Williamson Act. (0,0,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

797 
Unassigned/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

802 
Walnut orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

803 
Walnut orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

805 
Walnut orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

807 
Walnut orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

812 
Almond orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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813 
Almond orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

815 
Almond orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

817 
Almond orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

822 
Peach orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

823 
Peach orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

825 
Peach orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

827 
Peach orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

832 
Apricot orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

833 
Apricot orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

835 
Apricot orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

837 
Apricot orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

842 
Miscellaneous vines and 
orchard/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

843 

Miscellaneous vines and 
orchard/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

845 
Miscellaneous vines and 
orchard/Trees and Vines on 
property. (0,T,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

847 

Miscellaneous vines and 
orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 
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862 

Mixed growing 
improvements/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

863 

Mixed growing 
improvements/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

865 
Mixed growing improvements/Trees 
and Vines on property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

867 
Mixed growing improvements/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

870 Dairy (all types/Null (0,0,0) IND I-LT Industrial Light  

871 
Dairy (all types/Residential Living 
Unit of any type is on the property 
(R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

872 
Dairy (all types/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

873 
Dairy (all types/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

874 
Dairy (all types/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

876 
Dairy (all types/Property is on the 
Williamson Act. (0,0,W) 

IND I-LT Industrial Light  

880 
Higher potential use (rural)/Null 
(0,0,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

881 
Higher potential use 
(rural)/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

882 
Higher potential use 
(rural)/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

883 

Higher potential use 
(rural)/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

884 
Higher potential use 
(rural)/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

885 
Higher potential use (rural)/Trees 
and Vines on property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

886 
Higher potential use (rural)/Property 
is on the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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887 
Higher potential use (rural)/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

890 Miscellaneous rural/Null (0,0,0) FARM 
MISC-
FARM 

Miscellaneous Farm 

891 
Miscellaneous rural/Residential 
Living Unit of any type is on the 
property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

892 
Miscellaneous rural/Residential 
Living Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

893 
Miscellaneous rural/Residential 
Living Unit, has trees and vines and 
is on the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

894 
Miscellaneous rural/Residential 
Living Unit, and is on the Williamson 
Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

895 
Miscellaneous rural/Trees and Vines 
on property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

896 
Miscellaneous rural/Property is on 
the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

897 
Miscellaneous rural/Trees and Vines 
on property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

900 All Cities/Null (0,0,0) PUB P-GOV Public Government Building  

906 
All Cities/Property is on the 
Williamson Act. (0,0,W) 

PUB P-GOV Public Government Building  

910 Stanislaus county/Null (0,0,0) PUB P-GOV Public Government Building  

920 State of California/Null (0,0,0) PUB P-GOV Public Government Building  

930 United States/Null (0,0,0) PUB P-GOV Public Government Building  

940 All irrigation districts/Null (0,0,0) Misc MISC Miscellaneous 

941 
All irrigation districts/Residential 
Living Unit of any type is on the 
property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

950 All public schools/Null (0,0,0) PUB P-SCH Public and Private Schools  

960 All housing authorities/Null (0,0,0) MFR MFR Multi-Family Residential  

961 
All housing authorities/Residential 
Living Unit of any type is on the 
property (R,0,0) 

MFR MFR Multi-Family Residential  

970 Railroad properties/Null (0,0,0) PUB P-GOV Public Government Building  

980 Utilities/Null (0,0,0) COM C-OFF Commercial Office  

990 
“File 13” individuals, cemeteries, fire 
departments, all others/Null (0,0,0) 

PUB FIRE Fire station 
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897 
Miscellaneous rural/Trees and Vines 
on property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

900 All Cities/Null (0,0,0) PUB P-GOV Public Government Building  

906 
All Cities/Property is on the 
Williamson Act. (0,0,W) 

PUB P-GOV Public Government Building  

910 Stanislaus county/Null (0,0,0) PUB P-GOV Public Government Building  

920 State of California/Null (0,0,0) PUB P-GOV Public Government Building  

930 United States/Null (0,0,0) PUB P-GOV Public Government Building  

940 All irrigation districts/Null (0,0,0) MISC MISC Miscellaneous 

941 
All irrigation districts/Residential 
Living Unit of any type is on the 
property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

950 All public schools/Null (0,0,0) PUB P-SCH Public and Private Schools  

960 All housing authorities/Null (0,0,0) MFR MFR Multi-Family Residential  

961 
All housing authorities/Residential 
Living Unit of any type is on the 
property (R,0,0) 

MFR MFR Multi-Family Residential  

970 Railroad properties/Null (0,0,0) PUB P-GOV Public Government Building  

980 Utilities/Null (0,0,0) COM C-OFF Commercial Office  

990 
“File 13” individuals, cemeteries, fire 
departments, all others/Null (0,0,0) 

PUB FIRE Fire station 
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000-*** Institutional PUB MISC-PUB Miscellaneous Public/Government 

010-*** 
Lodge building/club house or 
school building 

PUB P-REC Public Recreation/Assembly  

011-*** Privately owned schools PUB P-SCH Public and Private Schools  

020-*** Funeral homes or mortuary COM C-MED Commercial Medical  

030-*** Churches and temples PUB P-CH Public Church  

040-*** Cemetery or mausoleum Misc MISC Miscellaneous 

050-*** Government taxable PUB P-GOV Public Government Building  

060-*** Government non-taxable PUB P-GOV Public Government Building  

070-*** 
Manufactured home lots with 
licensed mobile homes 

MH MH Mobile Home Single/Double 

080-*** Vacant R-2 Misc MISC Miscellaneous 

090-*** Vacant R-3 and R-4 Misc MISC Miscellaneous  

100-*** Vacant R-1 Misc MISC Miscellaneous  

120-*** Improved residence SFR SFR Single-family Residential 

130-*** 
Two (2) single-family 
residences 

MFR MFR Multi-Family Residential  

140-*** Multi-family residence MFR MFR Multi-Family Residential  

170-*** 
Multi-family residence - 
Apart/single 3 units 

MFR MFR Multi-Family Residential  

180-*** 
Single-family residence - 
Halfplexes 

SFR SFR Single-family Residential 

190-*** 
Single-family residence - 
Condominium 

SFR SFR Single-family Residential 

200-*** 
Open land over 15 acres – 
no SFR 

CROP MISC-AG Miscellaneous Agriculture 

201-*** 
Open land over 15 acres 
with one (1) SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

202-*** 
Open land over 15 acres 
with two (2) SFR 

MFR MFR Multi-Family Residential  

220-*** 
Home site or small ranch 
under 15 acres – no SFR 

CROP MISC-AG Miscellaneous Agriculture 

221-*** 
Home site or small ranch 
under 15 acres with one (1) 
SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

222-*** 
Home site or small ranch 
under 15 acres with two (2) 
SFR 

MFR MFR Multi-Family Residential  

223-*** 
Home site or small ranch 
under 15 acres with three (3) 
SFR 

MFR MFR Multi-Family Residential  



 County Landuse Codes 

January 2012 A-61 

Public Draft 

Table A-15.  Sutter County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

224-*** 
Home site or small ranch 
under 15 acres with four (4) 
SFR 

MFR MFR Multi-Family Residential  

230-*** 
Orchard over 15 acres – no 
SFR 

CROP MISC-AG Miscellaneous Agriculture 

231-*** 
Orchard over 15 acres with 
one (1) SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

232-*** 
Orchard over 15 acres with 
two (2) SFR 

MFR MFR Multi-Family Residential  

233-*** 
Orchard over 15 acres with 
three (3) SFR 

MFR MFR Multi-Family Residential  

234-*** 
Orchard over 15 acres with 
four (4) SFR 

MFR MFR Multi-Family Residential  

235-*** 
Orchard over 15 acres with 
five (5) SFR and greater 

MFR MFR Multi-Family Residential  

240-7** 
Ag business – vacant land or 
orchard – no SFR 

CROP MISC-AG Miscellaneous Agriculture 

241-7** 
Ag business – orchard with 
one (1) SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

260-*** Dry farming or grazing land FARM 
MISC-
FARM 

Miscellaneous Farm 

280-*** Duck clubs FARM FARM 
Farm Buildings Including Primary 
Residence 

290-*** Horse stables FARM FARM 
Farm Buildings Including Primary 
Residence 

300-*** Vacant commercial land Misc MISC Miscellaneous 

310-*** 
Improved commercial – store 
type 

COM C-RET Commercial Retail  

311-*** 
Improved commercial – 
service type 

COM C-SERV Commercial Service-Auto  

320-*** 
Improved commercial – 
shopping center 

COM C-SHOP Commercial Shopping Center  

321-*** Restaurant/bars COM C-REST Commercial Restaurants  

322-*** Fast food restaurant COM C-RESTFF Commercial Fast Food Restaurant 

329-*** Medical building COM C-MED Commercial Medical  

330-*** Office building COM C-OFF Commercial Office  

331-*** Mixed use COM C-OFF Commercial Office  

332-*** Mini-storage building IND I-WH Industrial Warehouse  

333-*** Mini-mart-gas COM C-FOOD Commercial Food-Retail  

334-*** Small grocery store COM C-FOOD Commercial Food-Retail  

335-*** Misc. and special use COM MISC-COM Miscellaneous Commercial 

340-*** Auto services COM C-AUTO Commercial Auto Sales  
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Table A-15.  Sutter County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

350-*** Motels COM C-HOTEL Hotel  

360-*** Mobile home parks MH MH Mobile Home Single/Double 

370-*** Rest homes/skilled nursing COM ELDER Eldercare 

375-7** Rice dryers IND I-LT Industrial Light  

380-*** Marinas PUB PORT Ports 

390-*** Hospitals COM C-HOS Hospital  

400-*** Vacant industrial land Misc MISC Miscellaneous 

410-*** Improved industrial land IND MISC-IND Miscellaneous Industrial 

415-*** Steel buildings COM C-OFF Commercial Office  

420-*** Airport, crop dusting PUB AIR Airport 

430-*** Mines and quarries IND I-HV Industrial Heavy Manufacture  

600-*** Recreational PUB P-REC Public Recreation/Assembly  

610-*** Water companies PUB P-GOV Public Government Building  

700-*** Gas wells IND I-HV Industrial Heavy Manufacture  

LLL-LLL Temporary Code Misc MISC Miscellaneous 

MH0-*** Manufactured Homes MH MH Mobile Home Single/Double 
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Table A-16.  Tehama County Land Use Codes  

Due to its size the Land Use Codes for Tehama County will not be included.  The Land Use Codes 

will be available electronically upon request. 
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Table A-17.  Yolo County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

010 Single-family Residence SFR SFR Single-family Residential 

011 Condominium Unit MFR MFR Multi-Family Residential  

012 Condominium Unit MFR MFR Single-family Residential 

013 SFR (non-confirm) SFR SFR Single-family Residential 

014 (2nd use) SFR SFR Single-family Residential 

015 
SFR lot w/miscellaneous 
improvements 

SFR SFR Single-family Residential 

016 SFR attached SFR SFR Single-family Residential 

017 Mobile home MH MH Mobile Home Single/Double 

018 Co-op housing MFR MFR Multi-Family Residential  

019 Identifier SFR SFR Single-family Residential 

020 1 duplex – 1 building MFR MFR Multi-Family Residential  

021 
2 single-family residence – 1 
lot 

MFR MFR Multi-Family Residential  

029 Identifier MFR MFR Multi-Family Residential  

030 1 triplex – 3 units in 1 building MFR MFR Multi-Family Residential  

031 3 units - 2 or more buildings MFR MFR Multi-Family Residential  

032 Single fourplex MFR MFR Multi-Family Residential  

033 4 units – 2 or more buildings MFR MFR Multi-Family Residential  

080 Common area no structures Misc MISC Miscellaneous 

081 Common area with structures PUB P-REC Public Recreation/Assembly  

082 Green belt SFR MISC-RES Miscellaneous Residential 

089 Identifier Misc MISC Miscellaneous 

110 Single story store COM C-SHOP Commercial Shopping Center  

111 Multiple story store COM C-SHOP Commercial Shopping Center  

112 Multiple store – 1 building COM C-SHOP Commercial Shopping Center  

113 Store with residential unit COM C-SHOP Commercial Shopping Center  

114 Store with residential unit COM C-SHOP Commercial Shopping Center  

119 Identifier COM C-SHOP Commercial Shopping Center  

120 1 store – 1 office COM C-OFF Commercial Office  

121 Combo stores/offices COM C-OFF Commercial Office  

122 
Combo 
stores/offices/residential 

COM C-OFF Commercial Office  

129 Identifier COM C-SHOP Commercial Shopping Center  

130 One story COM C-SHOP Commercial Shopping Center  

140 Small Food COM C-GROC Commercial Grocery Store  

141 Supermarkets COM C-SHOP Commercial Shopping Center  

142 Outlying food stores COM C-GROC Commercial Grocery Store  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

149 Identifier COM C-GROC Commercial Grocery Store  

150 Outlying COM C-SHOP Commercial Shopping Center  

151 In commercial area COM C-SHOP Commercial Shopping Center  

159 Identifier COM C-SHOP Commercial Shopping Center  

160 5-10 Residential Units MFR MFR Multi-Family Residential  

161 11-20 Residential Units MFR MFR Multi-Family Residential  

162 21-40 Residential Units MFR MFR Multi-Family Residential  

163 41-100 Residential Units MFR MFR Multi-Family Residential  

164 100+ Residential Units MFR MFR Multi-Family Residential  

165 5+ Residential Nature MFR MFR Multi-Family Residential  

166 
Rooming house, dorm, frat, 
sorority 

MFR MFR Multi-Family Residential  

169 Identifier MFR MFR Multi-Family Residential  

170 One story COM C-OFF Commercial Office  

171 Two story COM C-OFF Commercial Office  

172 3+ stories COM C-OFF Commercial Office  

173 Converted residence COM C-OFF Commercial Office  

179 Identifier COM C-OFF Commercial Office  

179 Identifier COM C-OFF Commercial Office  

180 Banks COM C-RET Commercial Retail  

181 Savings and Loans COM C-RET Commercial Retail  

189 Identifier COM C-RET Commercial Retail  

190 Medical Offices COM C-MED Commercial Medical  

191 Dental Offices COM C-MED Commercial Medical  

192 Medical-Dental Complex COM C-MED Commercial Medical  

193 Veterinary hospital COM C-HOS Hospital  

199 Identifier COM C-OFF Commercial Office  

200 Commercial common area COM MISC-COM Miscellaneous Commercial 

201 Parking lot – fee COM MISC-COM Miscellaneous Commercial 

202 Parking lot – no fee COM MISC-COM Miscellaneous Commercial 

203 Parking lot – garage COM MISC-COM Miscellaneous Commercial 

204 Parking lot – garage COM MISC-COM Miscellaneous Commercial 

205 Parking lot – garage COM MISC-COM Miscellaneous Commercial 

209 Identifier COM MISC-COM Miscellaneous Commercial 

210 Restaurant COM C-FOOD Commercial Food-Retail  

211 Drive-in and Fast food COM C-RESTFF Commercial Fast Food Rest  

212 Coffee shop COM C-FOOD Commercial Food-Retail  

213 Cocktail lounge-bar COM C-FOOD Commercial Food-Retail  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-66 January 2012 

 Public Draft 

Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

214 Combination COM C-HOTEL Hotel  

219 Identifier COM C-REST Commercial Restaurants  

220 Mobile home park MH MH Mobile Home Single/Double 

221 Overnight park MH MH Mobile Home Single/Double 

222 MHP with overnight facility MH MH Mobile Home Single/Double 

223 Resort type park COM C-HOTEL Hotel  

229 Identifier MH MH Mobile Home Single/Double 

230 <30 units COM C-HOTEL Hotel  

231 31+ units COM C-HOTEL Hotel  

232 <30 units with kitchen COM C-HOTEL Hotel  

233 31+ units with kitchen COM C-HOTEL Hotel  

234 
<30 units with shops and 
restaurant 

COM C-HOTEL Hotel  

235 
31+ units with shops and 
restaurant 

COM C-HOTEL Hotel  

236 Resort motels (cabins, etc.) COM C-HOTEL Hotel  

239 Identifier COM C-HOTEL Hotel  

240 Hotel without restaurant COM C-HOTEL Hotel  

241 Hotel with restaurant COM C-HOTEL Hotel  

249 Identifier COM C-HOTEL Hotel  

250 Full Service Station COM C-SERV Commercial Service-Auto  

251 Self-serve (pumps only) COM C-SERV Commercial Service-Auto  

252 Station w/car wash COM C-SERV Commercial Service-Auto  

253 Truck terminal COM C-SERV Commercial Service-Auto  

254 Bulk plant COM C-SERV Commercial Service-Auto  

259 Identifier COM C-SERV Commercial Service-Auto  

260 w/service center COM C-AUTO Commercial Auto Sales  

261 w/o service center COM C-AUTO Commercial Auto Sales  

262 Other sales center COM C-AUTO Commercial Auto Sales  

270 Sales and/or Service COM C-AUTO Commercial Auto Sales  

279 Identifier COM C-AUTO Commercial Auto Sales  

280 Auto and truck repairs COM C-AUTO Commercial Auto Sales  

281 Specialty shops COM C-AUTO Commercial Auto Sales  

282 Car Wash COM C-SERV Commercial Service-Auto  

283 Self-service car wash COM C-SERV Commercial Service-Auto  

284 Auto wreckers COM C-SERV Commercial Service-Auto  

289 Identifier COM C-SERV Commercial Service-Auto  

290 Retail COM C-RET Commercial Retail  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

291 Wholesale COM C-RET Commercial Retail  

299 Identifier COM C-SHOP Commercial Shopping Center  

310 and Light industrial IND I-LT Industrial Light  

311 and Warehousing IND I-WH Industrial Warehouse  

319 Identifier IND I-LT Industrial Light  

320 Warehousing IND I-WH Industrial Warehouse  

321 Yard (open storage) IND I-WH Industrial Warehouse  

322 Mini storage IND I-WH Industrial Warehouse  

323 Truck and freight terminals IND I-WH Industrial Warehouse  

324 Truck and freight terminals IND I-WH Industrial Warehouse  

327 Truck and freight terminals IND I-WH Industrial Warehouse  

329 Identifier IND I-WH Industrial Warehouse  

330 Mill IND I-LT Industrial Light  

331 Retail Yard IND I-LT Industrial Light  

332 
Specialty products (chips, 
sawdust, etc.) 

IND I-LT Industrial Light  

339 Identifier IND I-LT Industrial Light  

340 Definition Not Available MISC MISC Miscellaneous  

341 Definition Not Available MISC MISC Miscellaneous  

350 Fruit and Vegetables IND I-LT Industrial Light  

351 Meat products IND I-LT Industrial Light  

352 Wineries IND I-LT Industrial Light  

353 Sugar refinery IND I-LT Industrial Light  

354 Other food processing IND I-LT Industrial Light  

359 Identifier IND I-LT Industrial Light  

360 Feed and grain mills IND I-LT Industrial Light  

361 Retail feed and grain sales IND I-LT Industrial Light  

369 Identifier IND I-LT Industrial Light  

370 Factory IND I-HV Industrial Heavy Manufacture  

379 Identifier IND I-HV Industrial Heavy Manufacture  

390 Industrial common area IND MISC-IND Miscellaneous Industrial 

391 
Multiple miscellaneous 
industrial uses 

IND MISC-IND Miscellaneous Industrial 

392 
Industrial use – no other 
category 

IND MISC-IND Miscellaneous Industrial 

393 Industrial combo IND MISC-IND Miscellaneous Industrial 

399 Identifier IND MISC-IND Miscellaneous Industrial 

400 Row crop CROP CROP Crops 
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

401 Rice land CROP CROP Crops 

402 Field crop CROP CROP Crops 

403 Pasture CROP CROP Crops 

404 Duck club CROP CROP Crops 

409 Identifier CROP CROP Crops 

410 Prunes CROP CROP Crops 

411 Apricots CROP CROP Crops 

412 Pears CROP CROP Crops 

414 Mixed CROP CROP Crops 

415 Miscellaneous CROP CROP Crops 

416 Miscellaneous CROP CROP Crops 

419 Identifier CROP CROP Crops 

420 Almonds CROP CROP Crops 

421 Walnuts CROP CROP Crops 

422 Pistachios CROP CROP Crops 

423 Mixed CROP CROP Crops 

424 Miscellaneous CROP CROP Crops 

429 Identifier CROP CROP Crops 

430 Chenin Blanc CROP CROP Crops 

431 Cabernet Sauvignon CROP CROP Crops 

433 Sauvignon Blanc CROP CROP Crops 

434 Chardonnay CROP CROP Crops 

435 Zinfandel CROP CROP Crops 

436 Symphony CROP CROP Crops 

438 Mixed CROP CROP Crops 

439 Identifier CROP CROP Crops 

440 Row crop I and II CROP CROP Crops 

441 Row crop III and IV CROP CROP Crops 

442 Row crop - Clarksburg CROP CROP Crops 

443 Row crop – Capay CROP CROP Crops 

444 Rice land CROP CROP Crops 

445 Rolling land CROP CROP Crops 

446 Pasture CROP CROP Crops 

447 Class III and IV – Capay CROP CROP Crops 

449 Identifier CROP CROP Crops 

470 Dairy IND I-LT Industrial Light  

471 Feed lot COM MISC-COM Miscellaneous Commercial 
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

472 Poultry or bird IND I-LT Industrial Light  

474 Apiary IND I-LT Industrial Light  

475 Kennels COM MISC-COM Miscellaneous Commercial 

479 Identifier CROP CROP Crops 

483 Research farm FARM FARM 
Farm Buildings Including 
Primary Residence 

490 Rural residential - 1 residence FARM FARM 
Farm Buildings Including 
Primary Residence 

491 Rural residential - 2 or more FARM FARM 
Farm Buildings Including 
Primary Residence 

492 
Rural H.S. with miscellaneous 
improvements only 

FARM FARM 
Farm Buildings Including 
Primary Residence 

493 Labor camp FARM FARM 
Farm Buildings Including 
Primary Residence 

494 Rural H.S. 0-5 acres – vacant FARM 
MISC-
FARM 

Miscellaneous Farm 

495 Rural H.S. 5-20 acres – vacant FARM 
MISC-
FARM 

Miscellaneous Farm 

496 Taxable mobile home MH MH Mobile Home Single/Double 

498 Rural residential – 1 residence FARM FARM 
Farm Buildings Including 
Primary RES 

499 Identifier FARM FARM 
Farm Buildings Including 
Primary Residence 

500 Field crops CROP CROP Crops 

501 Pasture CROP CROP Crops 

502 Waste land Misc MISC Miscellaneous  

503 Sloughs and levees Misc MISC Miscellaneous  

509 Identifier CROP CROP Crops 

510 Range – High – brushy CROP CROP Crops 

511 Range – Low – open CROP CROP Crops 

512 Summer fallow CROP CROP Crops 

513 Dry orchard CROP CROP Crops 

514 Miscellaneous dry farming CROP CROP Crops 

515 Hunting club PUB P-REC Public Recreation/Assembly  

516 
Rural H.S. over 20 acres – 
vacant 

FARM 
MISC-
FARM 

Miscellaneous Farm 

517 Waste land CROP MISC-AG Miscellaneous Agriculture 

519 Identifier CROP CROP Crops 

610 Swimming pool PUB P-REC Public Recreation/Assembly  

611 Recreational center PUB P-REC Public Recreation/Assembly  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

612 Marina or yacht club PUB P-REC Public Recreation/Assembly  

619 Identifier PUB P-REC Public Recreation/Assembly  

620 Privately owned halls PUB P-REC Public Recreation/Assembly  

630 Bowling center PUB P-REC Public Recreation/Assembly  

631 
Arcades and amusement 
centers 

PUB P-REC Public Recreation/Assembly  

632 Skating ring PUB P-REC Public Recreation/Assembly  

640 Clubs and lodge halls PUB P-REC Public Recreation/Assembly  

649 Identifier PUB P-REC Public Recreation/Assembly  

650 Privately owned PUB P-REC Public Recreation/Assembly  

659 Identifier PUB P-REC Public Recreation/Assembly  

660 18 Hole PUB P-REC Public Recreation/Assembly  

661 9 Hole PUB P-REC Public Recreation/Assembly  

662 Country club PUB P-REC Public Recreation/Assembly  

669 Identifier PUB P-REC Public Recreation/Assembly  

670 Walk-in PUB P-REC Public Recreation/Assembly  

672 Stage-Live PUB P-REC Public Recreation/Assembly  

690 Privately owned parks PUB P-REC Public Recreation/Assembly  

710 Church, synagogue, or temple PUB P-CH Public Church  

711 
Other property used with and 
essential to a church 

PUB P-CH Public Church  

712 
Church and school 
combination 

PUB P-CH Public Church  

719 Identifier PUB P-CH Public Church  

720 Private schools PUB P-SCH Public and Private Schools  

721 Parochial school PUB P-SCH Public and Private Schools  

722 Special school PUB P-SCH Public and Private Schools  

723 Schools PUB P-SCH Public and Private Schools  

729 Identifier PUB P-SCH Public and Private Schools  

740 Full service COM C-HOS Hospital  

741 Convalescent COM C-HOS Hospital  

742 Clinic COM C-HOS Hospital  

749 Identifier COM C-HOS Hospital  

750 Rest home COM ELDER Eldercare 

751 Special home COM ELDER Eldercare 

759 Identifier COM ELDER Eldercare 

770 Cemetery Misc MISC Miscellaneous  

771 Mortuary or funeral home Misc MISC Miscellaneous  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

779 Identifier Misc MISC Miscellaneous  

790 Mineral extraction IND I-LT Industrial Light  

791 Sand and gravel plant IND I-LT Industrial Light  

799 Identifier IND I-LT Industrial Light  

800 Vacant R-1 undeveloped Misc MISC Miscellaneous  

801 Vacant R-1 with utilities Misc MISC Miscellaneous  

803 Vacant apartment undeveloped SFR MISC-RES Miscellaneous Residential 

804 Vacant apartment with utilities SFR MISC-RES Miscellaneous Residential 

805 
Vacant commercial 
undeveloped 

COM MISC-COM Miscellaneous Commercial 

806 Vacant commercial with utilities COM MISC-COM Miscellaneous Commercial 

807 Vacant industrial undeveloped IND MISC-IND Miscellaneous Industrial 

808 Vacant industrial with utilities IND MISC-IND Miscellaneous Industrial 

809 Identifier Misc MISC Miscellaneous  

820 Lake, creek, river or stream Misc MISC Miscellaneous  

829 Identifier Misc MISC Miscellaneous  

830 Right of way Misc MISC Miscellaneous  

831 Private road or street Misc MISC Miscellaneous  

839 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

900 Vacant federal land Misc MISC Miscellaneous 

901 Federal buildings PUB P-GOV Public Government Building  

909 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

910 Vacant state land Misc MISC Miscellaneous  

920 Vacant county land Misc MISC Miscellaneous  

921 County buildings PUB P-GOV Public Government Building  

925 Miscellaneous county property PUB P-GOV Public Government Building  

929 Identifier PUB P-GOV Public Government Building  

930 Vacant city land Misc MISC Miscellaneous 

933 
Parks and other recreational 
facilities 

PUB P-REC Public Recreation/Assembly  

937 Miscellaneous city property PUB MISC-PUB 
Miscellaneous 
Public/Government 

939 Identifier PUB P-GOV Public Government Building  

940 School district property PUB P-GOV Public Government Building  

941 Fire district property PUB P-GOV Public Government Building  

942 Flood control district property PUB P-GOV Public Government Building  

943 Water district property PUB P-GOV Public Government Building  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-72 January 2012 

 Public Draft 

Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

944 Miscellaneous district property PUB P-GOV Public Government Building  

949 Identifier PUB P-GOV Public Government Building  

959 Identifier PUB P-GOV Public Government Building  

960 Well site Misc MISC Miscellaneous  

962 Spring or other water sources Misc MISC Miscellaneous  

963 Slough Misc MISC Miscellaneous  

969 Identifier Misc MISC Miscellaneous  

970 SBE valued property COM MISC-COM Miscellaneous Commercial 

971 Utility water company COM MISC-COM Miscellaneous Commercial 

973 Cable TV COM C-RET Commercial Retail  

974 Radio and TV broadcast site PUB P-REC Public Recreation/Assembly  

975 Pipeline right of way Misc MISC Miscellaneous 

979 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

999 Definition Not Available Misc MISC Miscellaneous  

829 Identifier Misc MISC Miscellaneous  

830 Right of way Misc MISC Miscellaneous  

831 Private road or street Misc MISC Miscellaneous  

839 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

900 Vacant federal land Misc MISC Miscellaneous 

901 Federal buildings PUB P-GOV Public Government Building  

909 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

910 Vacant state land Misc MISC Miscellaneous  

920 Vacant county land Misc MISC Miscellaneous  

921 County buildings PUB P-GOV Public Government Building  

925 Miscellaneous county property PUB P-GOV Public Government Building  

929 Identifier PUB P-GOV Public Government Building  

930 Vacant city land Misc MISC Miscellaneous 

933 
Parks and other recreational 
facilities 

PUB P-REC Public Recreation/Assembly  

937 Miscellaneous city property PUB MISC-PUB 
Miscellaneous 
Public/Government 

939 Identifier PUB P-GOV Public Government Building  

940 School district property PUB P-GOV Public Government Building  

941 Fire district property PUB P-GOV Public Government Building  

942 Flood control district property PUB P-GOV Public Government Building  

943 Water district property PUB P-GOV Public Government Building  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

944 Miscellaneous district property PUB P-GOV Public Government Building  

949 Identifier PUB P-GOV Public Government Building  

959 Identifier PUB P-GOV Public Government Building  

960 Well site Misc MISC Miscellaneous  

962 Spring or other water sources Misc MISC Miscellaneous  

963 Slough Misc MISC Miscellaneous  

969 Identifier Misc MISC Miscellaneous  

970 SBE valued property COM MISC-COM Miscellaneous Commercial 

971 Utility water company COM MISC-COM Miscellaneous Commercial 

973 Cable TV COM C-RET Commercial Retail  

974 Radio and TV broadcast site PUB P-REC Public Recreation/Assembly  

975 Pipeline right of way Misc MISC Miscellaneous 

979 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

999 Definition Not Available Misc MISC Miscellaneous 
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Table A-18.  Yuba County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

101 Vacant land single-family MISC MISC Miscellaneous  

102 Vacant land – common area MISC MISC Miscellaneous  

105 Vacant land multi-family MISC MISC Miscellaneous  

110 Single-family urban SFR SFR Single-family Residential 

115 Single-family residential – rural SFR SFR Single-family Residential 

120 
2 or more dwellings not 
subdividable 

MFR MFR Multi-Family Residential  

125 
Licensed mobile home on 
private property 

MH MH Mobile Home Single/Double 

126 
Taxable mobile home on private 
property 

MH MH Mobile Home Single/Double 

127 
Taxable mobile home in mobile 
home park 

MH MH Mobile Home Single/Double 

129 
Mobile home on permanent 
foundation 

MH MH Mobile Home Single/Double 

130 
Condo, townhouse, or planned 
development 

MFR MFR Multi-Family Residential  

135 Vacation cabin SFR SFR Single-family Residential 

140 Duplex or triplex MFR MFR Multi-Family Residential  

145 Four or more apartments MFR MFR Multi-Family Residential  

155 Mobile home park MH MH Mobile Home Single/Double 

160 Hotel COM C-HOTEL Hotel  

165 Motel COM C-HOTEL Hotel  

170 Group quarters retirement, etc COM ELDER Eldercare 

199 Miscellaneous improvements SFR MISC-RES Miscellaneous Residential 

201 Vacant land industrial  Misc MISC Miscellaneous 

205 Warehouse – primarily storage IND I-WH Industrial Warehouse  

210 Light manufacturing IND I-LT Industrial Light  

215 Heavy manufacturing IND I-HV Industrial Heavy Manufacture  

220 Bulk plant IND I-HV Industrial Heavy Manufacture  

225 Food processing IND I-LT Industrial Light  

230 Lumber processing IND I-HV Industrial Heavy Manufacture  

235 Mineral processing IND I-HV Industrial Heavy Manufacture  

240 Wholesale distributor IND I-LT Industrial Light  

245 Mini-warehouse IND I-WH Industrial Warehouse  

299 Other industrial improvements IND MISC-IND Miscellaneous Industrial 

301 
Vacant land – more than 50 
acres 

MISC MISC Miscellaneous  

302 
Vacant rural homesite – 5 acres 
or less 

MISC MISC Miscellaneous  
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Table A-18.  Yuba County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

304 
Vacant rural homesite – 5 to 10 
acres 

MISC MISC Miscellaneous  

306 
Vacant rural homesite – 10 to 
20 acres 

MISC MISC Miscellaneous  

308 Ranchette – 20 to 50 acres FARM FARM 
Farm Buildings Including 
Primary Residence 

310 Peaches CROP CROP Crops 

311 Prunes CROP CROP Crops 

312 Pears CROP CROP Crops 

313 Walnuts CROP CROP Crops 

314 Almonds CROP CROP Crops 

315 Olives CROP CROP Crops 

316 Grape vineyards CROP CROP Crops 

317 Kiwis CROP CROP Crops 

325 Orchards mixed CROP CROP Crops 

330 Rice CROP CROP Crops 

333 Rice and hunting CROP CROP Crops 

335 Row crops CROP CROP Crops 

340 Irrigated pasture CROP CROP Crops 

345 Native pasture CROP CROP Crops 

350 Native pasture and hunting CROP CROP Crops 

355 Irrigated field crops CROP CROP Crops 

356 Non-irrigated field crops CROP CROP Crops 

360 Dairy IND I-LT Industrial Light  

362 Livestock operations IND I-LT Industrial Light  

370 Mineral rights or mining IND I-HV Industrial Heavy Manufacture  

373 Hunting and fishing rights MISC MISC Miscellaneous 

375 Timber CROP MISC-AG Miscellaneous Agriculture 

376 Timber preserve zone CROP MISC-AG Miscellaneous Agriculture 

380 
Department of Fish and Game – 
wildlife management area 

PUB P-GOV Public Government Building  

382 Definition Not Available CROP MISC-AG Miscellaneous Agriculture 

399 
Miscellaneous agricultural or 
rural properties 

CROP MISC-AG Miscellaneous Agriculture 

405 
Undedicated private streets, 
roads or walkways 

MISC Misc Miscellaneous 

410 
Transportation – terminals, 
yards 

PUB P-GOV Public Government Building  

415 Airports PUB AIR Airport 

420 Parking lots and garages COM MISC-COM Miscellaneous Commercial 
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Table A-18.  Yuba County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

425 Communications COM MISC-COM Miscellaneous Commercial 

430 
Private water – sanitation 
system 

PUB P-GOV Public Government Building  

435 Water well site (private) MISC MISC Miscellaneous 

499 
Other transportation, 
communication, or utility 

PUB P-GOV Public Government Building  

501 Vacant land – commercial MISC MISC Miscellaneous 

510 Downtown store COM C-SHOP Commercial Shopping Center  

515 Shopping center COM C-SHOP Commercial Shopping Center  

520 Spot retail COM C-RET Commercial Retail  

525 Strip retail COM C-RET Commercial Retail  

530 Service station COM C-SERV Commercial Service-Auto  

533 Car wash COM C-SERV Commercial Service-Auto  

535 Amusement and recreation PUB P-REC Public Recreation/Assembly  

540 Restaurants, coffee shops, etc. COM C-FOOD Commercial Food-Retail  

550 Golf course PUB P-REC Public Recreation/Assembly  

599 Other commercial COM MISC-COM Miscellaneous Commercial 

610 Medical or dental office COM C-MED Commercial Medical  

615 General office COM C-OFF Commercial Office  

620 Financial institutions PUB P-GOV Public Government Building  

630 
Hospitals, rest homes, 
convalescent hospitals 

COM C-HOS Hospital  

635 Mortuary COM C-MED Commercial Medical  

640 Cemetery MISC MISC Miscellaneous 

690 
Religious, charitable, fraternal 
organizations and services 

PUB P-REC Public Recreation/Assembly  

691 Religious camps PUB P-REC Public Recreation/Assembly  

692 Definition Not Available COM MISC-COM Miscellaneous Commercial 

699 Other services COM MISC-COM Miscellaneous Commercial 

901 Olivehurst public utility district PUB P-GOV Public Government Building  

902 Linda county water district PUB P-GOV Public Government Building  

903 City of Wheatland PUB P-GOV Public Government Building  

904 Yuba county water district PUB P-GOV Public Government Building  

905 City of Marysville PUB P-GOV Public Government Building  

906 County property PUB P-GOV Public Government Building  

907 State property PUB P-GOV Public Government Building  

908 Yuba county water agency PUB P-GOV Public Government Building  

909 Browns valley irrigation district PUB P-GOV Public Government Building  

910 Pacific Gas and Electric PUB P-GOV Public Government Building  



 County Landuse Codes 

January 2012 A-77 

Public Draft 

Table A-18.  Yuba County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

911 Telephone company PUB P-GOV Public Government Building  

915 Air Force base PUB AIR Airport 

916 National forest PUB P-REC Public Recreation/Assembly  

917 Government wildlife preserve PUB P-REC Public Recreation/Assembly  

918 Federal property – other PUB P-GOV Public Government Building  

920 Postal property PUB P-GOV Public Government Building  

925 Highway parcel PUB MISC-PUB 
Miscellaneous 
Public/Government 

930 Parks including playfields PUB P-REC Public Recreation/Assembly  

935 Railways PUB P-GOV Public Government Building  

940 Redevelopment agency PUB P-GOV Public Government Building  

945 Sanitary and drainage districts PUB P-GOV Public Government Building  

946 Fire protection districts PUB FIRE Fire station 

950 Elementary school PUB P-SCH Public and Private Schools  

951 Junior high school PUB P-SCH Public and Private Schools  

952 High school PUB P-SCH Public and Private Schools  

953 Community and junior college PUB P-SCH Public and Private Schools  

954 State colleges and universities PUB P-SCH Public and Private Schools  

955 Definition Not Available PUB MISC-PUB 
Miscellaneous 
Public/Government 

956 Definition Not Available PUB MISC-PUB 
Miscellaneous 
Public/Government 

990 Definition Not Available PUB MISC-PUB 
Miscellaneous 
Public/Government 

995 
Other public water and irrigation 
districts 

PUB P-GOV Public Government Building  

996 Reclamation district PUB P-GOV Public Government Building  

999 Other non-taxable property PUB MISC-PUB 
Miscellaneous 
Public/Government 

Key: 
FDA =  

OCC =  
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 Marshall & Swift Valuation Tables 

January 2012 B-1 

Public Draft 

 

Table B-1.  Cost Per Square Foot by Construction Class and Quality for Airports 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $374.95 $264.04 $185.85 $130.97 N/A 

B $374.95 $264.04 $185.85 $130.97 N/A 

C $262.14 $156.21 $96.06 $60.87 N/A 

D N/A $145.25 $88.87 $56.15 N/A 

S N/A N/A $88.48 $55.64 N/A 

Notes: 

1. Marshall & Swift, 2nd Quarter, April 2010 

2. Passenger Terminals (571), Section 14 Page 20 

3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-2.  Cost Per Square Foot by Construction Class and Quality for Commercial Auto 
Sales 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $126.42 N/A N/A 

B N/A N/A $126.42 N/A N/A 

C $163.70 $115.81 $83.84 $57.58 N/A 

D $156.92 $109.71 $78.69 $53.50 N/A 

S N/A $110.28 $78.13 $52.50 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Showrooms (303), Section 14 Page 31 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-3.  Cost Per Square Foot by Construction Class and Quality for Commercial Fast 
Food Restaurants 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $197.51 $149.52 N/A N/A 

B N/A $1971.51 $149.52 N/A N/A 

C $247.06 $146.35 $113.14 $81.62 N/A 

D $235.44 $135.90 $103.75 $73.38 N/A 

S $192.74 $140.08 $104.62 $72.35 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter 

2. Restaurants – Fast Food (349), Section 13 Page 17 
3. Expiration Date: April 2012 

Key: 

N/A = Not available  
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Table B-4.  Cost Per Square Foot by Construction Class and Quality for Commercial  
Food-Retail 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $92.51 N/A N/A 

B N/A N/A $92.51 N/A N/A 

C $110.46 $92.51 $74.43 $60.06 N/A 

D $103.59 $86.52 $69.22 $55.54 N/A 

S $107.26 $88.53 $70.05 $55.56 N/A 

Notes:  

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Convenience Stores (419) Section 13, Page 22 
3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-5.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Grocery Store 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $102.57 $89.05 N/A N/A 

B N/A $102.57 $89.05 N/A N/A 

C $105.01 $88.28 $71.94 $60.56 N/A 

D $97.68 $81.96 $66.49 N/A N/A 

S N/A $83.63 $66.75 $55.19 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Supermarkets (446), Section 13 Page 20 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-6.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Medical 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $247.25 $198.50 $152.55 $116.78 N/A 

B $239.51 $191.71 $146.64 $111.69 N/A 

C $202.23 $153.65 $116.34 $88.69 N/A 

D $183.16 $145.37 $110.05 $83.92 N/A 

S N/A $144.80 $106.08 $81.05 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Medical Office Buildings (341), Section 15 Page 22 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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Public Draft 

Table B-7.  Cost Per Square Foot by Construction Class and Quality for Commercial Office 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $228.51 $180.87 $136.48 $108.73 N/A 

B $221.51 $174.24 $130.40 $103.30 N/A 

C $186.51 $130.22 $92.48 $62.31 N/A 

D $175.86 $122.39 $86.73 $58.08 N/A 

S N/A $121.88 $83.87 $56.91 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Office Buildings (344), Section 15 Page 17 

3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-8.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Restaurants 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $239.26 $178.97 $134.67 N/A N/A 

B $239.26 $178.97 $134.67 N/A N/A 

C $225.01 $135.70 $105.78 $76.61 N/A 

D $214.61 $126.19 $97.21 $69.04 N/A 

S N/A $129.37 $97.03 $66.98 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Restaurants (350), Section 13 Page 14 
3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-9.  Cost Per Square Foot by Construction Class and Quality for Commercial Retail 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $154.30 $115.84 $91.10 $69.27 N/A 

B $148.81 $111.07 $87.00 $65.79 N/A 

C $123.67 $91.29 $69.36 $49.93 N/A 

D $116.59 $85.56 $64.76 $46.25 N/A 

S N/A $87.50 $64.94 $45.49 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April2010 

2. Retail Stores (353), Section 13 Page 26 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix B: Marshall & Swift Valuation Tables 

B-4 January 2012 

 Public Draft 

Table B-10.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Service-Auto 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $70.38 N/A N/A 

B N/A N/A $70.38 N/A N/A 

C $92.93 $65.37 $47.31 $34.42 N/A 

D N/A $56.85 $41.65 $30.68 N/A 

S N/A $55.47 $40.10 $29.15 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Service (Repair) Garages (528), Section 14 Page 32 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-11.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Shopping Center 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $56.95 $43.27 32.91 N/A N/A 

D N/A $38.05 $38.91 N/A N/A 

S N/A $51.68 $40.02 $31.09 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Warehouse Discount Stores (458) Section 13, Page 28 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-12.  Cost Per Square Foot by Construction Class and Quality for Daycare Facilities 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $144.98 N/A N/A 

B N/A N/A $144.98 N/A N/A 

C $184.90 $141.61 $108.87 $80.33 N/A 

D $176.28 $133.57 $101.90 $74.35 N/A 

S N/A N/A $104.86 $76.58 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Day Care Centers (426), Section 18 Page 13 
3. Expiration Date: January 2011 

Key: 

N/A = Not available  
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January 2012 B-5 

Public Draft 

Table B-13.  Cost Per Square Foot by Construction Class and Quality for Eldercare 
Facilities 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $122.43 $99.71 $81.78 N/A N/A 

D $114.98 $93.58 $76.73 $61.02 N/A 

S N/A $93.65 $76.85 N/A N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Multiple Residences- Elderly Assisted Living (589), Section 12 Page 20 
3. Expiration Date: July 2010 

Key: 

N/A = Not available  

 

Table B-14.  Cost Per Square Foot by Construction Class and Quality for Fire stations 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $225.46 $162.32 N/A N/A 

B $225.46 $162.32 N/A N/A N/A 

C $215.64 $148.66 $103.83 $70.28 N/A 

D $205.43 $138.68 $94.93 $62.73 N/A 

S N/A $124.99 $86.47 $57.56 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Fire Stations – Staffed (322), Section 15 Page 29 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-15.  Cost Per Square Foot by Construction Class and Quality for Full Service Auto 
Dealership 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $111.81 N/A N/A 

B N/A N/A $111.81 N/A N/A 

C $147.62 $103.44 $74.41 $50.62 N/A 

D $141.00 $97.52 $69.45 $46.54 N/A 

S N/A $98.16 $69.44 $46.27 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Complete Auto Dealerships (455), Section 14 Page 30 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  
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Table B-16.  Cost Per Square Foot by Construction Class and Quality for Furniture Store 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $179.72 $145.17 $112.13 N/A N/A 

B $172.85 $139.47 $107.39 N/A N/A 

C $150.65 $114.50 $91.20 N/A N/A 

D N/A N/A N/A N/A N/A 

S N/A N/A N/A N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Department Stores (318), Section 13 Page 27 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-17.  Cost Per Square Foot by Construction Class and Quality for Government 
Administrative 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $278.35 $212.99 $156.66 N/A N/A 

B $266.47 $205.09 $151.48 $114.33 N/A 

C $223.87 $160.75 $121.27 $86.31 N/A 

D $214.34 $153.24 $109.01 $79.04 N/A 

S N/A N/A $110.88 $80.67 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Governmental Buildings (327), Section 15 Page 30 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-18.  Cost Per Square Foot by Construction Class and Quality for Hospitals 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $414.04 $316.78 $242.99 $186.82 N/A 

B $403.17 $309.10 $237.59 $183.05 N/A 

C $316.88 $237.29 $178.22 $132.84 N/A 

D N/A $223.34 $168.46 $127.30 N/A 

S N/A N/A N/A $129.28 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. General Hospitals (331), Section 15 Page 24 

3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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Public Draft 

Table B-19.  Cost Per Square Foot by Construction Class and Quality for Hotels 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $156.01 $131.13 $113.39 $94.96 N/A 

B $149.34 $125.03 $107.82 $89.86 N/A 

C $133.93 $109.98 $87.16 $72.82 N/A 

D N/A $101.60 $80.05 $66.78 N/A 

S N/A N/A $84.73 N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Hotels: Limited Service (595), Section 11 Page 22 

3. Expiration Date: October 2010 

Key: 

N/A = Not available  

 

Table B-20.  Cost Per Square Foot by Construction Class and Quality for Industrial Heavy 
Manufacture 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $211.22 $169.87 $130.07 $100.99 N/A 

B $201.86 $162.28 $123.92 $96.02 N/A 

C N/A $129.43 $96.72 $69.68 N/A 

D N/A N/A $85.26 $65.59 N/A 

S N/A $123.15 $87.33 $66.72 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Industrials, Heavy (Process) Manufacturing (495), Section 14 Page 15 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

Table B-21: Cost Per Square Foot by Construction Class and Quality for Industrial Light 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $68.41 $47.42 N/A 

B N/A N/A $63.93 $44.00 N/A 

C N/A $59.72 $43.03 $31.18 N/A 

D N/A $54.51 $38.78 $27.77 N/A 

S N/A $54.76 $38.64 $27.46 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Industrials, Light Manufacturing (494), Section 14 Page 14 

3. Expiration Date: January 2012 

Key: 

N/A = Not available  
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Table B-22: Cost Per Square Foot by Construction Class and Quality for Industrial 
Warehouse 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $77.13 $56.66 $44.59 N/A 

B N/A $72.23 $52.56 $41.16 N/A 

C $79.89 $51.67 $36.29 $25.67 N/A 

D N/A $46.16 $32.33 $22.83 N/A 

S $73.68 $46.77 $32.47 $22.74 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Storage Warehouses (406), Section 14 Page 26 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-23: Cost Per Square Foot by Construction Class and Quality for Jails 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $355.39 $261.64 $194.71 N/A N/A 

B $355.39 $261.64 $194.71 N/A N/A 

C $293.77 $215.86 $160.73 $120.48 N/A 

D $273.51 $203.45 $150.71 N/A N/A 

S N/A N/A $153.87 N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Jails – Correctional Facilities (335), Section 15 Page 33 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-24: Cost Per Square Foot by Construction Class and Quality for Judicial 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $278.35 $212.99 $156.66 N/A N/A 

B $266.47 $205.09 $151.48 $114.33 N/A 

C $223.87 $160.75 $121.27 $86.31 N/A 

D $214.34 $153.24 $109.01 $79.04 N/A 

S N/A N/A $110.88 $80.67 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Governmental Buildings (327), Section 15 Page 30 

3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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Public Draft 

Table B-25: Cost per square foot by Construction Class and Quality for Mobile Home 
Single/Double 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C N/A N/A N/A N/A N/A 

D $62.56 $45.85 $36.64 $27.96 N/A 

S N/A N/A N/A N/A N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Manufactured Housing, Section 63 Pages 7-9 
3. Expiration Date: August 2010 

Key: 

N/A = Not available  

 

Table B-26: Cost Per Square Foot by Construction Class and Quality for Multi-Family 
Residential 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $118.88 $88.29 $56.29 $48.24 N/A 

D $114.49 $84.40 $61.90 $45.34 N/A 

S N/A $83.57 $61.44 N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Multiple Residences (352), Section 12 Page 16 

3. Expiration Date: July 2010 

Key: 

N/A = Not available  

 

Table B-27: Cost Per Square Foot by Construction Class and Quality for Police Station 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $235.25 $177.19 $139.39 $107.45 N/A 

B $235.25 $177.19 $139.39 $107.45 N/A 

C $203.07 $152.57 $114.51 $85.76 N/A 

D $192.93 $144.83 $108.59 N/A N/A 

S N/A N/A N/A N/A N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Jails – Police Stations (489), Section 15 Page 33 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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Table B-28: Cost per square foot by Construction Class and Quality for Ports 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $211.22 $123.50 $85.05 $64.33 N/A 

B $201.86 $117.26 $80.14 $60.39 N/A 

C $79.89 $80.27 $58.68 $42.18 N/A 

D N/A $50.34 $52.12 $38.73 N/A 

S $73.68 $74.89 $52.81 $38.97 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Average of Industrial Light, Industrial Heavy, and Industrial Warehouse 

3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-29: Cost Per Square Foot by Construction Class and Quality for Public and Private 
Schools 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $252.82 $207.28 $161.99 N/A N/A 

B $239.54 $197.53 $154.90 N/A N/A 

C $193.33 $152.26 $123.02 $98.55 N/A 

D $185.02 $144.46 $115.86 $92.06 N/A 

S N/A $150.24 $119.84 $94.73 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Middle (Junior High) Schools (366) Section 18 Page 10  
3. Expiration Date: January 2011 

Key: 

N/A = Not available  

Table B-30: Cost Per Square Foot by Construction Class and Quality for Public Church 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $309.02 $227.88 $163.71 N/A N/A 

B $294.11 $217.25 $156.14 N/A N/A 

C $221.70 $163.32 $116.44 $82.44 N/A 

D $205.55 $151.51 $107.79 $76.09 N/A 

S N/A $150.21 $108.54 $78.00 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Religious Buildings: Churches – Sanctuaries (Chapels) (309) Section 16 

Page 9 
3. Expiration Date: July 2011 

Key: 

N/A = Not available  
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Table B-31: Cost Per Square Foot by Construction Class and Quality for Public 
Government Building 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $278.35 $212.99 $156.66 N/A N/A 

B $266.47 $205.09 $151.48 $114.33 N/A 

C $223.87 $160.75 $121.27 $86.31 N/A 

D $214.34 $153.24 $109.01 $79.04 N/A 

S N/A N/A $110.88 $80.67 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Governmental Buildings (327), Section 15 Page 30 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-32: Cost Per Square Foot by Construction Class and Quality for Public 
Recreation/Assembly 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $164.09 $120.08 $85.97 $60.80 N/A 

D $154.62 $111.67 $78.75 $54.74 N/A 

S $147.84 $107.91 $76.85 $53.70 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Clubhouses (311), Section 11 Page 30 

3. Expiration Date: October 2010 

Key: 

N/A = Not available  

 

Table B-33: Cost Per Square Foot by Construction Class and Quality for Single Family 
Residential 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $164.09 $120.08 $85.97 $60.80 N/A 

D $154.62 $111.67 $78.75 $54.74 N/A 

S $147.84 $107.91 $76.85 $53.70 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Single-Family Residential (351), Section 12 Page 25 
3. Expiration Date: July 2010 

Key: 

N/A = Not available  
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Table C-1.  CVFPP HEC-FDA Structure and Damage Functions  

Occupancy 
Type Description St

ru
ct

ur
e 

or
 

C
o

n
te

n
t?

 Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C-RET1 Retail 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.7 79.8 94.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-RET2 Retail 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 20.5 38.3 49.6 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-DEAL1 
Full Service Auto 
Dealership 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 5.8 5.8 5.8 41.1 80.3 97.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-DEAL2 
Full Service Auto 
Dealership 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 2.8 2.8 2.8 19.7 38.5 50.9 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-FURN1 
Furniture Store 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 89.5 98.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-FURN2 
Furniture Store 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.9 47.1 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-HOS1 Hospital 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 50.0 75.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-HOS2 Hospital 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 24.0 36.2 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-AUTO1 Auto Sales 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 48.4 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-AUTO2 Auto Sales 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.9 46.4 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-
HOTEL1 

Hotel 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 47.4 91.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-
HOTEL2 

Hotel 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 22.7 43.8 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-FOOD1 Food-Retail 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.5 57.0 78.3 94.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-FOOD2 Food-Retail 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.2 27.3 37.6 49.4 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-
RESTFF1 

Fast Food Rest 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 45.1 87.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-
RESTFF2 

Fast Food Rest 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 21.6 42.1 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-GROC1 
Grocery Store 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 61.0 87.3 94.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-GROC2 
Grocery Store 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 29.3 41.9 49.4 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 
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Table C-1.  CVFPP HEC-FDA Structure and Damage Functions (contd.) 

 

Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C-MED1 Medical 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 50.0 75.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-MED2 Medical 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 24.0 36.2 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-OFF1 Office 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 48.4 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-OFF2 Office 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.9 46.4 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-SHOP1 
Shopping Center 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 76.5 95.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-SHOP2 
Shopping Center 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 36.7 46.0 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-REST1 
Restaurants 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 47.4 91.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-REST2 Restaurants 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 22.7 43.8 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-SERV1 Service-Auto 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 9.9 10 10.0 38.7 73.5 97.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-SERV2 Service-Auto 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 4.8 4.8 4.8 18.6 35.3 51.0 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

ELDER1* 
Miscellaneous 
Commercial 1 Story 

S 

 C 

 
ELDER2* 

Miscellaneous 
Commercial 2-Story 

S 

 C 

 
I-LT1 

Light industrial  1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.2 45.4 87.6 92.8 96.4 99.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

I-LT2 
Light industrial 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.2 21.8 42.1 48.6 54.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

I-HV1 
Heavy Manufacture 
1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 12.2 32.7 53.8 69.9 77.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

I-HV2 
Heavy Manufacture 
2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 5.8 15.7 28.2 39.2 43.4 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

I-WH1 Warehouse 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 41.3 84.2 94.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

I-WH2 Warehouse 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 19.8 40.4 49.4 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

P-CH1 Church 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 47.3 73.4 83.9 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 100.0 100.0 100.0 100.0 



 Structure and Content Damage Functions 

January 2012 C-3 

Public Draft 

Table C-1.  CVFPP HEC-FDA Structure and Damage Functions (contd.) 

 

Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

P-CH2 Church 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 22.7 35.2 43.9 55.3 55.3 55.3 55.3 55.3 55.3 66.1 66.1 66.1 68.5 96.3 100.0 100.0 

100.
0 

P-GOV1 
Government Building 
1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 
0 0 0 0 0 0 0 0 0 0.0 48.4 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100.
0 

P-GOV2 
Government Building 
2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 40.9 45.4 51.2 55.9 55.9 55.9 55.9 55.9 55.9 68.1 68.1 68.1 69.4 100.0 100.0 100.0 

100.
0 

P-REC1 
Recreation/Assembl
y 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 
0 0 0 0 0 0 0 0 0 0.0 50.0 98.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100.
0 

P-REC2 
Recreation/Assembl
y 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 24.0 47.0 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 

100.
0 

P-SCH1 Schools 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 
0 0 0 0 0 0 0 0 0 0.0 50.0 87.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100.
0 

P-SCH2 Schools 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 24.0 42.1 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 

100.
0 

SFRB1 
Single Family Res. 
1-story w/ basement 

S 
0 0 0 0 

5.
2 9.0 

13.
8 19.4 22.5 25.5 28.8 32.0 35.4 38.7 45.5 52.2 58.6 64.5 69.8 74.2 77.7 80.1 81.1 81.1 81.1 81.1 81.1 

C 
0 0 0 0 

5.
7 8.0 

10.
5 13.2 14.6 16.0 17.5 18.9 20.4 21.8 24.7 27.4 30.0 32.4 34.5 36.3 37.7 38.6 39.1 39.1 39.1 39.1 39.1 

SFRB2 
Single Family Res. 
2-story w/ basement 

S 
0 0 0 0 

4.
7 7.2 

10.
2 13.9 15.9 17.9 20.1 22.3 24.7 27.0 31.9 36.9 41.9 46.9 51.8 56.4 60.8 64.8 68.4 71.4 73.7 75.4 76.4 

C 
0 0 0 0 

5.
2 6.8 8.4 10.1 11.0 11.9 12.9 13.8 14.8 15.7 17.7 19.8 22.0 24.3 26.7 29.1 31.7 34.4 37.2 40.0 43.0 46.1 49.3 

SFRBS 
Single Family Res. 
Splt-Lvl w/ Basement 

S 
0 0 0 0 

4.
7 7.2 

10.
4 14.2 16.4 18.5 20.9 23.2 25.7 28.2 33.4 38.6 43.8 48.8 53.5 57.8 61.6 64.8 67.2 68.8 69.3 69.3 69.3 

C 
0 0 0 0 

3.
8 5.4 7.3 9.4 10.5 11.6 12.7 13.8 15.0 16.1 18.2 20.2 22.1 23.6 24.9 25.8 26.3 26.3 26.3 26.3 26.3 26.3 26.3 

SFR1 
Single Family 
Residential 1-story  

S 0 0 0 0 0 0 0 2.5 8.0 13.4 18.4 23.3 27.7 32.1 40.1 47.1 53.2 58.6 63.2 67.2 70.5 73.2 75.4 77.2 78.5 79.5 80.2 

C 0 0 0 0 0 0 0 2.4 5.3 8.1 10.7 13.3 15.6 17.9 22.0 25.7 28.8 31.5 33.8 35.7 37.2 38.4 39.2 39.7 40.0 40.0 40.0 

SFR2 
Single Family 
Residential 2-story  

S 0 0 0 0 0 0 0 3.0 6.2 9.3 12.3 15.2 18.1 20.9 26.3 31.4 36.2 40.7 44.9 48.8 52.4 55.7 58.7 61.4 63.8 65.9 67.7 

C 0 0 0 0 0 0 0 1.0 3.0 5.0 6.9 8.7 10.5 12.2 15.5 18.5 21.3 23.9 26.3 28.4 30.3 32.0 33.4 34.7 35.6 36.4 36.9 

SFRS 
Single Family Res. 
Split-Level  

S 0 0 0 0 0 0 0 6.4 6.8 7.2 8.3 9.4 11.2 12.9 17.4 22.8 28.9 35.5 42.3 49.2 56.1 62.6 68.6 73.9 78.4 81.7 83.8 

C 0 0 0 0 0 0 0 2.2 2.6 2.9 3.8 4.7 6.1 7.5 11.1 15.3 20.1 25.2 30.5 35.7 40.9 45.8 50.2 54.1 57.2 59.4 60.5 

MFR1 
Multi-Family 
Residential 1-story 

S 0 0 0 0 0 0 0 2.5 8.0 13.4 18.4 23.3 27.7 32.1 40.1 47.1 53.2 58.6 63.2 67.2 70.5 73.2 75.4 77.2 78.5 79.5 80.2 

C 0 0 0 0 0 0 0 2.4 5.3 8.1 10.7 13.3 15.6 17.9 22.0 25.7 28.8 31.5 33.8 35.7 37.2 38.4 39.2 39.7 40.0 40.0 40.0 

MFR2 
Multi-Family 
Residential 2-story 

S 0 0 0 0 0 0 0 3.0 6.2 9.3 12.3 15.2 18.1 20.9 26.3 31.4 36.2 40.7 44.9 48.8 52.4 55.7 58.7 61.4 63.8 65.9 67.7 

C 0 0 0 0 0 0 0 1.0 3.0 5.0 6.9 8.7 10.5 12.2 15.5 18.5 21.3 23.9 26.3 28.4 30.3 32.0 33.4 34.7 35.6 36.4 36.9 
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Table C-1.  CVFPP HEC-FDA Structure and Damage Functions (contd.) 

 

Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

MH  
Mobile Home 
Single/Double 

S 0 0 0 0 0 0 0 6.4 7.3 9.9 43.4 44.7 45.0 45.7 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 

C 0 0 0 0 0 0 0 0 0 0.0 85.0 85.0 90.0 95.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 

MISC-
COM1* 

Miscellaneous 
Commercial 1-Story 

S  

C  

MISC-
COM2* 

Miscellaneous 
Commercial 2-Story 

S  

C  

MISC-
IND1* 

Miscellaneous 
Industrial 1-Story 

S  

C  

MISC-
IND2* 

Miscellaneous 
Industrial 2-Story 

S  

C  

MISC-
PUB1* 

Miscellaneous Public 
1-Story 

S  

C  

MISC-
PUB2* 

Miscellaneous Public 
2-Story 

S  

C  

MISC-
RES1* 

Miscellaneous 
Residential 1-Story 

S  

C  

MISC-
RES2* 

Miscellaneous 
Residential 2-Story 

S  

C  

Note: 

*Structure and content values for miscellaneous categories are calculated based on the distribution of occupancy types and therefore vary between each impact area. 

Key: 

C = Content 

S = Structure 
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Table D-1.  Citrus and Sub-Tropical Fruits 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

C Not Classified Oranges 

C1 Grapefruit Oranges 

C10 Eucalyptus Oranges 

C11 Mixed Subtropical Fruits Oranges 

C2 Lemons Oranges 

C3 Oranges Oranges 

C4 Dates Oranges 

C5 Avocados Oranges 

C6 Olives Oranges 

C7 Misc. Subtropical Oranges 

C8 Kiwis Oranges 

C9 Jojoba Oranges 

C99 Not Classified Oranges 

Note: 

The short term and long term cost per acre for oranges were calculated and applied to all Citrus & 
Sub-Tropical acreages. 

Table D-2.  Deciduous Fruits and Nuts 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

D Not Classified  

D1 Apples Prunes 

D10 Misc. Deciduous Almonds 

D11 N/A  

D12 Almonds Almonds 

D13 Walnuts Walnuts 

D14 Pistachios Walnuts 

D2 Apricots Prunes 

D3 Cherries Prunes 

D4 N/A  

D5 Peaches and Nectarines Peaches 

D6 Pears Pears 

D7 Plums Prunes 

D8 Prunes Prunes 

D9 Figs Prunes 

D99 Not Classified  

Notes: 

1. The short term and long term costs per acre for Almonds, Walnuts, Peaches and Nectarines, Pears, and 
Prunes were calculated. 
2. A representative was chosen for each crop that did not fall into one of the categories listed above. 

3. The short and long-term costs of the representative were applied to the appropriate crop. 

Table D-3.  Field Crops 

DWR Land Use DWR Description Crops in CVFPP Flood 
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Class Damage Analysis 

F Not Classified  

F1 Cotton Cotton 

F10 Beans Beans 

F11 Misc. Field Corn 

F12 Sunflowers Corn 

F13 Hybrid Sorghum/Sudan Corn 

F14 Millet Safflower 

F15 Sugar Cane Corn 

F2 Safflower Safflower 

F3 Flax Millet 

F4 Hops Beans 

F5 Sugar Beets Beans 

F6 Corn Corn 

F7 Sorghum Corn 

F8 Sudan Corn 

F9 Castor Beans Beans 

F99 Not Classified  
Notes: 
1. The short term and long term costs per acre for Cotton, Beans, Safflower, and Corn were 
calculated. 

2. A representative was chosen for each crop that did not fall into one of the categories listed 
above. 
3. The short and long-term costs of the representative were applied to the appropriate crop. 

Table D-4.  Grains and Hay 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

G Misc. Wheat 

G1 Barley Wheat 

G2 Wheat Wheat 

G3 Oats Wheat 

G6 Misc. Mixed Wheat 

G7 Mixed Grain and Hay Wheat 

G99 Not Classified Wheat 

Note: 
1. The short term and long term costs per acre for Wheat were calculated and applied to all 

Grains and Hay acreage. 
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Table D-5.  Idle 

DWR Land Use 
Class DWR Description 

Crops in CVFPP Flood 
Damage Analysis 

I Idle Idle 

I1 Within Past 3 Years Idle 

I2 Being Prepared Idle 

Note: 
The short term and long term costs per acre for Idle were calculated and applied to all Idle 

acreage. 

Table D-6.  Native Vegetation 

DWR Land Use 
Class DWR Description 

Crops in CVFPP Flood 
Damage Analysis 

NV Not Classified Native vegetation 

NV1 Grassland Native vegetation 

NV2 Light Brush Native vegetation 

NV3 Medium Brush Native vegetation 

NV4 Heavy Brush Native vegetation 

NV5 Brush and Timber Native vegetation 

NV6 Forest Native vegetation 

NV7 Oak Grassland Native vegetation 

Note: 
The short term and long term costs per acre for Native Vegetation were calculated and applied to 

all Native Vegetation acreage. 

Table D-7.  Pasture 

DWR Land Use 
Class DWR Description 

Crops in CVFPP Flood 
Damage Analysis 

P Not Classified Pasture 

P1 Alfalfa Pasture 

P2 Clover Pasture 

P3 Mixed Pasture 

P4 Native Pasture 

P5 High Water Native Pasture 

P6 Misc. Grasses Pasture 

P7 Turf Farms Pasture 

P8 Bermuda Grass Pasture 

P9 Rye Grass Pasture 

P10 Klein Grass Pasture 

P99 Not Classified Pasture 

Notes: 
1. The short term and long term cost per acre for Alfalfa and Pasture were calculated individually. 
2. The short term and long term costs per acre for Alfalfa were applied to all Alfalfa acreage. 

3. The short term and long term cost per acre for Pasture were applied to all other acreage in the 
Pasture category. 
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Table D-8.  Rice 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

R Not Classified Rice 

R1 Rice Rice 

R2 Wild Rice Rice 

R99 Not Classified Rice 

Note: 
The short term and long term cost per acre for rice were calculated and applied to all rice 
acreage. 

Table D-9.  Semi-agricultural 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

S Not Classified Semi-agricultural 

S1 
Farmsteads (Includes a farm 

residence) 
Semi-agricultural 

S2 Livestock Feed Lots Semi-agricultural 

S3 Dairies Semi-agricultural 

S4 Poultry Farms Semi-agricultural 

S5 
Farmsteads (without a farm 

residence) 
Semi-agricultural 

S99 Not Classified Semi-agricultural 

Note: 
The short term and long term costs for semi- agricultural were calculated and applied to all semi-

agricultural acreage. 
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Table D-10.  Truck, Nursery, and Berry 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

T Not Classified Melons 

T1 Artichokes Melons 

T10 Onions and Garlic Melons 

T11 Peas Melons 

T12 Potatoes Melons 

T13 Sweet Potatoes Melons 

T14 Spinach Melons 

T15 Tomatoes (Processing) Melons 

T16 
Flowers, Nursery, Christmas 

Tree Farms 
Melons 

T17 Mixed Melons 

T18 Miscellaneous Truck Melons 

T19 Bush Berries Melons 

T2 Asparagus Melons 

T20 Strawberries Melons 

Notes: 

1. The short term and long term cost for melons and tomatoes were calculated individually. 
2. Due to the variation in cost and differences in agricultural practices it was difficult to assign a 
representative crop.  Because of this, Melons were chosen to provide a conservative estimate. 

Table D-10.  Truck, Nursery, and Berry 

CLASS_SUB SUB_NAME Representative Crops 

T21 Peppers (Chili, bell, etc.) Melons 

T22 Broccoli Melons 

T23 Cabbage Melons 

T24 Cauliflower Melons 

T25 Brussels Sprouts Melons 

T26 Tomatoes (Market) x 

T27 Greenhouse Melons 

T3 Beans (Green) Melons 

T4 Cole Crops (Mixture of 22-25) Melons 

T5 N/A Melons 

T6 Carrots Melons 

T7 Celery Melons 

T8 Lettuce (All types) Melons 

T9 
Melons, Squash and 

Cucumbers 
x 

T99 Not Classified Melons 

Notes: 

1. The short term and long term cost for Melons and Tomatoes were calculated individually. 
2. Due to the variation in cost and differences in agricultural practices it was difficult to assign a 
representative crop.  Because of this, Melons were chosen to provide a conservative estimate. 

Table D-11.  Vineyard 
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CLASS_SUB SUB_NAME Representative Crops 

V Not Classified Wine Grapes 

V1 Table Grapes Wine Grapes 

V2 Wine Grapes x 

V3 Raisin Grapes Wine Grapes 

V99 Not Classified Wine Grapes 

Note: 
The short term and long term cost for Wine Grapes were calculated and applied to all vineyard 
acreage. 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), provides an overview of flood risk and the use of life risk as 
an indicator of flood risk, and provides an overview of the report 
organization. 

1.1 Purpose of this Attachment 

The 2012 Central Valley Flood Protection Plan (CVFPP) measures flood 
risk for the No Project condition and various 2012 CVFPP approaches so 
that quantitative comparisons can be made among the different flood risk 
management approaches, summarized below (Section 2 of the 2012 
CVFPP describes the approaches in more detail). Economic analysis for the 
2012 CVFPP is described in the Attachment 8F: Flood Damage Analysis. 
This attachment describes the 2012 CVFPP Life Risk Calculation (LRC) 
method and results. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 
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1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010a)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

The life risk analysis described in this attachment was conducted entirely 
within the SPFC Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 
 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

The life risk analysis is directly related to the primary goal because 
improving flood risk management will reduce life risk in areas protected by 
levees. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different preliminary 
approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These approaches are not 
alternatives; rather, they bracket a range of potential actions and help 
explore trade-offs in costs, benefits, and other factors important in decision 
making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these preliminary approaches helped identify the advantages 
and disadvantages of different combinations of management actions, and 



 1.0 Introduction 

January 2012 1-5 
Public Draft 

demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

The life risk analysis reported herein includes results for the following: 

• No Project condition 

• Achieve SPFC Design Flow Capacity Approach 

• Protect High Risk Communities Approach 

• Enhanced Flood System Capacity Approach 

• State Systemwide Investment Approach 

 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 
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1.6 Flood Risk Concepts 

Since 1986, flood disasters in California have claimed 137 lives, as shown 
in Table 1-1 (DWR, 2009).  Lives were lost during extreme and not-as-
extreme events because of system capacity exceedence and other reasons. 
A goal of the CVFPP is to reduce this life risk. 

1.7 Definition of Flood Risk 

Flood risk is the likelihood of undesirable consequences due to flood 
inundation within an identified area given a specified climate condition, 
land use condition, and flood management system (existing or planned) in 
place. For convenience, risk often is expressed as the average annual 
consequence. Flood risk is a function of (1) loading, which is the frequency 
and magnitude of flood flows, (2) performance of flood risk reduction 
measures, (3) exposure and vulnerability of people and property in the 
floodplain, and (4) consequence of inundation. 

Flood management actions may reduce risk by changing one or more of the 
factors listed above. The 2012 CVFPP approaches analyzed in this study 
aim to reduce flood risk through changes in loading (increased storage and 
bypass conveyance), performance (levee improvements), and/or 
consequence (floodplain management actions). 

1.8 Life Risk as Indicator of Flood Risk 

The consequence of flood inundation may be measured in terms of direct 
and/or indirect economic cost, loss of life, environmental impact, or other 
specified measure of flood effect. In the analysis described herein, the 
consequence of flood risk is represented in terms of potential loss of life. 

Life risk, as described herein, is the long-term average annual number of 
lives potentially lost in an identified area, considering a given climate and 
land use condition, with a specified plan of flood protection in place. 
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Table 1-1.  California Flood Disasters Since 1986 

Date Disaster 
Number 

Scope 
(number 

of 
counties) 

Number 
of Deaths 

FEMA 
Damage 
Costs 

($ millions)1 

California 
Emergency 

Management 
Agency 
Damage 
Costs 

($ millions)2 

Combined 
Damage 
Costs 

($ millions)3 

Feb 1986 758-DR-CA  13 Not reported $407.50 $715.80 

Jan 1988 FP 87-06  Not 
reported Not reported $49.40 $82.20 

Feb 1992 935-DR-CA 6 5 $123.20 $53.90 $178.40 
Jan 1993 979-DR-CA 25 20 $600 $226 $848.90 
Jan 1995 1044-DR-CA 45 11 $741.40 $221.90 $1,005.20 
Feb 1995 1046-DR-CA 57 17 $1,100 $132 $1,491.40 
Jan 1997 1155-DR-CA 48 84 $1,800 $194.40 $2,350 
Feb 1998 1203-DR-CA 40 17 $550 $385.10 $710.30 
Jun 2003 1498-DR-CA5 2 16 — — — 
Jun 2004 1529-DR-CA 1 0 $57 $27.20 $65.40 
Feb 2005 1577-DR-CA 8 24 $573.10 $291.40 $636.30 
Apr 2005 1585-DR-CA 7 0 $198.70 $76.10 $220.60 
Feb 2006 1628-DR-CA 40 5 $327.80 $129 $352.10 
Jun 2006 1646-DR-CA 16 1 $129.50 $28.90 $139.10 
Total — — 137 $6,200 $2,220 $11,000 
Sources: 
Office of Emergency Services (OES), Origins and Development—A Chronology 1917-1999 and OES After Action Reports 
FEMA: California Disaster History (http://www.fema.gov/news/disasters_state.fema) 
State of California Multi-Hazard Mitigation Plan, October 2007. 
Notes: 
1  Costs not adjusted for inflation to 2009 dollars and only report amount FEMA pays out within a defined time frame (e.g., 24 

months) after declaration is made. 
2  The costs in this column show only certain OES-administered disaster costs, such as individual and household, Public 

Assistance, Fire Management Assistance Grants, and Community Disaster Assistance Act costs, together with certain Small 
Business Act and individual and Household costs. These reflect only a portion of total disaster costs when taking into 
account other government-funded housing, transportation, and economic development costs, plus insurance and business 
interruption costs. Totals are unadjusted for inflation to 2009 dollars. 

3  Costs adjusted to 2009 dollars using the gross Domestic Product Implicit Price Deflator method. 
4  The death toll varies by 1 from previously stated source document. 
5  DR-1498, the 2003 southern California Fires, caused the elimination of vegetation securing soils to the hillsides. In December 

2003, mild flooding caused mudflows and landslides, killing 16 people. The costs of the flood damages were not segregated 
from the fire damages. 

Key: 
FEMA = Federal Emergency Management Agency 
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1.9 Report Organization 

Organization of this document is as follows: 

• Section 1 describes the purpose of this attachment. 

• Section 2 provides a summary of results and findings for the life risk 
analysis. 

• Section 3 describes the methodology used in this analysis. 

• Section 4 provides complete results for the life risk analysis. 

• Section 5 contains references for the sources cited in this document. 

• Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Results Summary and Findings 
This section summarizes the life risk values and findings for all approaches 
by basin. 

2.1 Life Risk Values for 2012 CVFPP Approaches 

Table 2-1 summarizes the estimated life risk values for the Sacramento and 
San Joaquin river basins, for the No Project condition and 2012 CVFPP 
approaches. These values are the expected annual statistics computed by 
the U.S. Army Corps of Engineers (USACE) Hydrologic Engineering 
Center Flood Damage Analysis (HEC-FDA). The total life risk value for 
each basin is the sum of the life risk values for that basin’s constituent 
impact areas presented in Section 4.1. 

Table 2-1.  Summary of Life Risk Values: Sacramento and San 
Joaquin River Basins and Stockton Area 

CVFPP Approaches Sacramento 
River Basin 

San 
Joaquin 

River Basin 

Stockton  
Area Total 

No Project Condition 58.6 4.1 1.4 64.1 
Achieve SPFC Design Capacity 56.0 4.0 0.2 60.2 
Protect High Risk Communities 31.6 3.9 0.2 35.7 
Enhance Flood System Capacity 23.2 2.0 0.2 25.4 
State Systemwide Investment  28.1 3.9 0.2 32.2 
Key: 
CVFPP = Central Valley Flood Protection Plan 
SPFC = State Plan of Flood Control 

2.2 Findings 

Figure 2-1 displays the percent reductions in life risk results for the 
Sacramento and San Joaquin river basins and Stockton area, and all 
approaches studied, compared to the No Project condition. All of the 
approaches reduce life risk compared to the No Project condition, with the 
greatest reduction attributable to Enhance Flood System Capacity 
Approach. 

The life risk values are conditional: they represent consequences for a 
given area with a specified set of hydrologic and hydraulic conditions for 
the system, with best representation of performance of system levees and 
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other features, and with stated assumptions regarding public warning and 
response. As such, the results are informative indices of life risk, and the 
values shown herein provide a reliable metric for comparing the life risk 
reduction attributable to the proposed 2012 CVFPP approaches. 

These life risk results differ from the recorded flood deaths shown in 
Table 1-1. This is because the LRC results shown above are planning 
estimates to be used as indices comparing the relative performances of the 
proposed 2012 CVFPP approaches in reducing flood life risk, to inform the 
decision making process. However, LRC results are not forecasts of deaths 
expected to occur from flood events to be used for emergency planning or 
other purposes; that would require much more detailed analyses and 
supporting data than used in the LRC. 

 
Figure 2-1.  CVFPP Approach Life Risk Value Percent Reductions Compared to 
No Project Condition for Sacramento and San Joaquin River Basins and 
Stockton Area 

 

0
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3.0 Life Risk Analysis Method 
This section presents an overview of the methods used to calculate life risk, 
the requirements for this analysis, a summary of existing life risk methods, 
the need for and description of the 2012 CVFPP LRC Method, the HEC-
FDA model inputs used for this analysis, and a description of the limitation 
and benefits of this method. 

3.1 Overview of 2012 CVFPP Life Risk 
Calculation Method 

To inform decision making for formulation and evaluation of management 
options, a systematic, repeatable, rigorous method for quantifying life 
risk — considering the response of those in harm’s way — is required. 
With that method, consequences of flooding in the absence of flood 
management actions and with various approaches can be estimated and 
compared. 

Accordingly, the LRC Method described herein was developed and 
applied. This LRC Method incorporates commonly used procedures for 
assessing life risk, as influenced by flood hazard, system performance, and 
vulnerability and exposure of people. The LRC Method is tied closely to 
the economic risk calculations described in Attachment 8F: Flood Damage 
Analysis, using a common numerical description of flood hazard and levee 
system performance. Exposure of people is tied to exposure of property. 
With this analysis strategy, computations for both economic and life risk 
were accomplished with the USACE HEC-FDA software application. 

As stated previously, the resulting life risk values are conditional: they 
represent consequences for a given area with a specified set of hydrologic 
and hydraulic conditions of the system, with best representation of 
performance of system levees and other features, and with stated 
assumptions regarding public warning and response. As such, the results 
are informative indices of life risk, and the values shown herein provide a 
reliable metric for comparing the life-risk reduction attributable to the 
proposed 2012 CVFPP approaches. 
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3.2 Requirements of 2012 CVFPP Life Risk 
Analysis 

The 2012 CVFPP required a systematic, repeatable, and rigorous life risk 
analysis that does the following: 

• Estimates potential life loss as a statistic that can be used as a benefit 
measure for comparing approaches 

• Shows life loss reduction attributable to the proposed approaches due to 
the following: 

 Reduced flood depth 

 Reduced flood frequency 

 Reduced exposure of people to flooding 

• Uses readily available data 

3.3 Existing Methods for Calculating Life Risk 

This subsection provides an overview of the existing methods used to 
calculate life risk. 

3.3.1 Software Currently Available for Calculating Life 
Risk 

Two nationally recognized software programs for calculating life risk were 
initially considered: LIFESim (Aboelata and Bowles, 2005) and the 
USACE HEC Flood Impact Analysis (HEC-FIA) program (USACE, 2004). 
LIFESim’s development was sponsored by USACE and the Australian 
National Committee on Large Dams (Aboelata and Bowles, undated). The 
USACE HEC developed HEC-FIA. 

LIFESim is a modular, spatially distributed, dynamic simulation system for 
estimating potential loss of life from natural and dam and levee failure 
flood events. LIFESim considers detailed flood dynamics, evacuation, loss 
of shelter, and historically based life loss. 

HEC-FIA is a stand-alone software application that provides techniques for 
calculating post-flood or forecasted-flood impacts for a user-specified 
event. In addition to estimating urban and agricultural damage, HEC-FIA 
also estimates loss of life using methods similar to LIFESim (and, in fact, 
includes a simplified version of LIFESim). 
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Both of these software programs have intensive data requirements, and 
both are intended for analyses of single events. Each can be run for 
multiple events, and a value of expected annual fatalities can thus be 
computed, but time limitations of the 2012 CVFPP precluded such 
analyses. 

3.3.2 Jonkman Method of Life Risk Estimation 
S. N. Jonkman et al. (2009) devised a method to estimate potential loss of 
life from floods based on research into many factors that affect flood 
mortality. To compute life risk, Jonkman et al. followed these steps: 

1. Analyze historical flood characteristics such as water depth, rise rate, 
and flow velocity. 

2. Estimate the number of people exposed to the historical flooding, 
taking into account the effects of warning, evacuation, and shelter. 

3. Assess mortality among those exposed to the flood. 

Mortality was defined as the number of fatalities divided by the number of 
people exposed to flooding in a given area. Jonkman divided the inundation 
area into two zones: the breach zone, in which flood velocities and depths 
are considered, and the remaining zone, in which only depth is considered. 

The mortality fraction, FD, for the breach zone was calculated to be 0.053, 
indicating that approximately 5 percent of those in the breach zone will die. 
The mortality fraction for the remaining zone is given by Equation 1. 
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between flood depth and mortality fraction evident from the figure and 
similar conditions in the SPFC Planning Area (i.e., significant dependence 
on levees for protection of floodplains) suggested that the remaining zone 
Equation 1 was applicable to the 2012 CVFPP life risk analysis. Although 
all of the CVFPP impact areas would likely contain levee breach zones, 
these zones of high flood velocities and depths would only apply to areas 
immediately adjacent to a levee breach, and not an entire impact area. An 
impact area is a unique, contiguous floodplain located along a stream or 
waterway.  The SPFC Planning Area is separated into different impact 
areas. 

 
Source: Jonkman, 2009 
Figure 3-1.  Relationship Between Water Depth and Mortality for 
Orleans and St. Bernard “Bowls” 

3.4 Need for New Method to Satisfy 2012 CVFPP 
Requirements for Life Risk Analysis 

None of the available methods, described above, satisfied all the 
requirements for the 2012 CVFPP life risk analysis, as shown in Table 3-1. 

LIFESim and HEC-FIA could not be used to develop the life risk analysis 
in the relatively short time available for this life risk study. LIFESim 
requires DEM information, time series of depth grids, road network 
information, and vehicle databases; HEC-FIA requires digital elevation 
model (DEM) information and arrival time grids or hydrographs. This 
information was not readily available within the time frame of this study. 
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Table 3-1.  Ability of Existing Methods to Meet 2012 CVFPP Life Risk 
Analysis Requirements 

2012 CVFPP Life Risk Analysis 
Requirement 

Available Method 
LIFESim HEC-FIA Jonkman 

Assess plan performance    

Develop and apply on schedule X X  

Use available information on loading, 
performance, exposure, consequences X X  

Make consistent with CVFPP economic 
analysis X X X 

Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
X = Cannot meet CVFPP life risk analysis requirements 
 = Can meet CVFPP life risk analysis requirements 
CVFPP = Central Valley Flood Protection Plan 
HEC-FIA = Hydrologic Engineering Center’s Flood Impact Analysis software 
LIFESim = Loss of life simulation analysis software 

In addition, the two programs are intended for analysis of single events. 
While each can be run for multiple events, and a value of expected annual 
fatalities can thus be computed, the time required to complete those 
analyses would be excessive for the purposes of this study. 

Another well-known computer program, the Federal Emergency 
Management Agency’s (FEMA) Hazards U.S. Multi-Hazard (HAZUS-
MH) software (FEMA, 2011), was not considered because it does not 
estimate casualties from flood events. (It does estimate casualties from 
earthquakes and hurricanes.) 

Accordingly, a new procedure that incorporates features of the existing 
methods was developed and used for the 2012 CVFPP life risk analysis. 

3.5 2012 CVFPP Life Risk Calculation Method 

Life risk values were calculated for the No Project condition and 2012 
CVFPP approaches for each of the 110 impact areas described in 
Attachment 8F: Flood Damage Analysis and illustrated in Figures 3-2 and 
3-3. The method uses the USACE HEC-FDA software application 
(USACE, 2008) with nonmonetary consequence inputs. 
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Figure 3-2.  Sacramento River Basin Impact Areas 
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Figure 3-3.  San Joaquin River Basin and Stockton Area Impact Areas 
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3.5.1 Summary of 2012 Life Risk Calculation Method 
The 2012 LRC Method life risk analysis follows the same steps as for an 
economic analysis, except that the result is expected annual life risk values 
instead of expected annual damages. For the No Project condition and 2012 
CVFPP approaches, HEC-FDA was used to complete the following 
actions: 

1. Considering the historical record, synthesize a long series of annual 
maximum hydrologic and hydraulic states in a channel, inferring with 
standard methods the statistical properties of this loading. 

2. Considering the behavior of the physical system and performance of the 
engineered flood management system, transform the series of hydraulic 
loadings of a channel to a series of depths of inundation in the impact 
area. 

3. Transform the series of impact area loading to a series of impact area 
consequences, computing the annual inundation fatalities per structure, 
and then summing fatalities for all structures in the impact area. 

4. Average the consequence to compute expected annual life risk. 

HEC-FDA has the capability to incorporate uncertainty into the LRC 
computation using Monte Carlo simulation. This uncertainty can be 
described for the HEC-FDA hydraulic, geotechnical, and economic inputs.  
For the LRC Method, uncertainties were retained for the hydraulic and 
geotechnical inputs, but they were not described for the persons-per-
structure relationships that replaced the structure economic values because 
the analysis focused on the relative differences among the No Project 
condition and 2012 CVFPP approaches, as shown in Figure 2-1, rather than 
on absolute differences. 

3.5.2 2012 CVFPP Life Risk Calculation Method 
Procedure 

The procedure in the 2012 CVFPP LRC Method consisted of the following 
steps: 

1. For each impact area, a persons-per-structure relationship for four 
residential occupancy types (single family, multiple family, mobile 
home, and miscellaneous) was estimated. These estimates represented 
the “persons exposed” (in residential structures) before flood 
occurrence. 
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2. The persons-per-structure relationships determined in Step 1 were 
adjusted using a warning system efficiency factor to account for 
evacuations resulting from existing warning systems. 

3. The 2012 CVFPP structure inventories were obtained for all impact 
areas, and residential structure economic values were replaced with 
adjusted persons-per-structure relationships from Step 2 to assign 
persons to each residential structure. 

4. The revised structure inventories were imported into the 2012 CVFPP 
HEC-FDA models for each impact area. All other CVFPP HEC-FDA 
model inputs, including hydraulics (channel stage-frequency and 
floodplain depths) and geotechnical, were retained. 

5. To compute life risk based on estimated depths at the structures, a water 
depth-percent mortality function was entered into HEC-FDA in place of 
the common depth-percent damage functions. HEC-FDA used these 
functions similarly to the depth-percent damage functions typically 
used for expected annual damage computation. 

6. HEC-FDA computed expected annual life risk values for the No Project 
condition and the 2012 CVFPP approaches. 

3.6 HEC-FDA Model Inputs and Functions for 
2012 CVFPP Life Risk Calculation 

The inputs and functions required for the LRC Method are as follows: 

• Persons-per-structure function 

• Warning system efficiency factor 

• Structure inventories 

• Water depth-percent mortality function 

3.6.1 Persons-per-Structure Function 
Life risk was computed for each residential structure in each impact area, 
and then aggregated. For such computation, a particular number of persons 
needed to be assigned to each structure. 

To estimate number of persons for each structure in each impact area, a 
persons-per-structure function was developed. (The resulting values were 
then reduced with a warning system efficiency factor to account for 
effective flood response by a proportion of the persons in each structure.) 
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Data Source for Persons-per-Structure Relationship 
Census tract information from the 2000 U.S. Census database was used to 
determine the unadjusted persons-per-structure relationship, consistent with 
other CVFPP analyses (U.S. Census Bureau, 2001). (The 2010 Census data 
were not yet complete at the time of the analysis.) 

Geographic information system (GIS) tools were used to identify relevant 
census tracts for the analysis, starting with a TIGER/Line® shape file for 
each census tract, available on the U.S. Census Bureau’s Web site. By 
intersecting (overlaying) the shape file with a GIS delineation of the impact 
areas, the census tracts that intersected each of the 110 impact areas were 
identified. Using this information, the number of people and number of 
structures for each census tract that intersected an impact area were 
obtained. Figure 3-4 shows an example analysis in which an impact area 
has been overlaid on census blocks; some census blocks are entirely within 
the impact area, whereas for others, only a portion lies within the impact 
area. 

 
Figure 3-4.  Example of Census Tracts Intersecting an Impact Area 
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Development of Persons-per-Structure Relationship 
A persons-per-structure relationship for each of the 104 impact areas was 
developed for four residential occupancy types: 

• SFR – single-family residence 

• MFR – multiple-family residence 

• MH – mobile home 

• MISC-RES – miscellaneous residence 

• The persons-per-structure relationship is a function of the estimated 
persons-per-housing unit for each occupancy type and the estimated 
number of housing units of each occupancy type. 

Persons-per-Housing Unit   To calculate persons-per-housing unit, the 
total number of housing units was determined by occupancy type using 
Table 32 of the 2000 Census database (U.S. Census Bureau, 2001), 
“Tenure (owner and renter) by Occupied Units in Structure,” as follows: 

• For SFR, the total number of housing units was determined using 
owner-occupied and renter-occupied, attached and detached, single-
housing units for each census tract that intersected an impact area. 

• For MFR, the total number of housing units was determined using 
owner-occupied and renter-occupied multihousing units, for all groups 
of multiple units (e.g., 2, 3, or 4; 5 to 9) for each census tract that 
intersected an impact area. 

• For MH, the total number of housing units was determined using 
owner-occupied and renter-occupied mobile home units for each census 
tract that intersected an impact area. 

The total population was calculated by occupancy type using Table 33 from 
the 2000 Census database (U.S. Census Bureau, 2001), “Total population 
in occupied housing units by tenure (owner and renter) by units in 
structure,” as follows: 

• For SFR, both the owner-occupied and renter-occupied attached and 
detached single-housing residents for each census tract that intersected 
an impact area were totaled. 
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• For MFR, both the owner-occupied and renter-occupied multihousing 
residents for each census tract that intersected an impact area were 
totaled. 

• For MH, both the owner-occupied and renter-occupied mobile home 
residents for each census tract that intersected an impact area were 
totaled. 

To calculate persons-per-housing unit for each impact area, the total 
population for each residential occupancy type was divided by the total 
number of housing units for that residential occupancy type to obtain 
persons-per-housing unit. 

Persons-per-Structure 
To obtain persons-per-structure, the persons-per-housing unit estimates 
were multiplied by the number of units for that occupancy type: 1 for SFR 
and MH, and the median number of units for MFR. For MISC-RES, the 
total population was divided by the total number of housing units for both 
residential occupancy types (SFR and MFR). Persons-per-structure results 
are shown in Tables 3-2 and 3-3. Results in these tables have not been 
adjusted to account for residents who will respond to a flood warning and 
evacuate. 

3.6.2 Flood Warning Efficiency Factor 
For the LRC Method, a flood warning efficiency factor is applied to reduce 
the population exposed because of people’s response to flood warning. For 
this life risk study, Equation 2 of the Enhanced Flood Response and 
Emergency Preparedness Initial Project Feasibility Study from the 
Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) (USACE, 2003) was used. The Comprehensive 
Study’s use of Equation 2 to predict flood warning efficiency in the Central 
Valley suggested that it was applicable for this life risk study, as well. 
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Table 3-2.  Unadjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas 
Impact Area SFR MFR MH MISC-RES 

SAC01 2.82 9.39 2.57 2.79 
SAC02 2.84 10.53 2.67 2.85 
SAC03 3.41 11.33 3.38 3.39 
SAC04 3.08 11.67 3.04 3.09 
SAC05 2.95 8.73 2.68 2.92 
SAC06 2.70 1.75 2.98 2.70 
SAC07 2.99 8.63 2.85 2.94 
SAC08 2.88 0.00 2.36 2.87 
SAC09 3.09 18.94 3.09 3.04 
SAC10 3.13 11.96 3.20 3.17 
SAC11 3.11 10.75 3.18 3.11 
SAC12 2.97 20.35 3.07 2.96 
SAC13 2.97 20.35 3.07 2.96 
SAC14 2.83 9.74 3.16 2.83 
SAC15 2.86 7.60 3.27 2.82 
SAC16 3.08 14.44 3.12 2.65 
SAC17 2.82 14.44 3.12 2.65 
SAC18 3.11 9.08 2.45 3.07 
SAC20 3.01 0.65 2.26 2.94 
SAC21 3.10 8.60 2.21 3.05 
SAC22 3.39 10.71 1.90 3.36 
SAC23 2.91 7.79 2.25 2.77 
SAC24 3.07 9.59 2.60 3.05 
SAC25 2.99 16.54 2.38 2.84 
SAC26 2.96 18.11 2.29 2.85 
SAC27 3.12 9.39 2.54 3.03 
SAC28 3.18 11.33 2.96 3.19 
SAC29 2.97 5.79 2.61 2.96 
SAC30 2.98 13.53 2.54 3.01 
SAC32 3.01 9.72 2.86 2.98 
SAC33 2.70 15.05 2.85 2.85 
SAC34 2.97 20.35 3.07 2.96 
SAC35 2.97 21.09 2.58 2.97 
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Table 3-2.  Unadjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas (contd.) 
Impact Area SFR MFR MH MISC-RES 

SAC36 2.98 15.60 2.29 2.69 
SAC37 3.31 22.42 2.76 3.29 
SAC38 2.86 29.87 1.94 2.54 
SAC39 2.54 15.70 1.96 2.46 
SAC40 2.83 14.67 2.06 2.60 
SAC 41 2.82 15.06 2.47 2.67 
SAC42 2.65 15.12 2.33 2.59 
SAC43 2.89 20.84 2.47 2.90 
SAC44 3.27 36.30 2.55 3.17 
SAC45 2.89 20.84 2.47 2.90 
SAC46 2.81 10.45 2.68 2.82 
SAC47 2.81 10.45 2.68 2.82 
SAC48 2.85 10.55 2.78 2.87 
SAC49 2.71 17.80 2.29 2.68 
SAC50 2.64 17.25 2.12 2.61 
SAC51 2.70 10.35 2.68 2.73 
SAC52 2.70 10.35 2.68 2.73 
SAC53 2.48 14.43 2.20 2.39 
SAC54 2.69 9.40 2.18 2.69 
SAC55 2.65 17.48 2.27 2.63 
SAC56 2.61 16.29 1.98 2.57 
SAC57 2.53 8.04 2.00 2.49 
SAC58 2.53 8.04 2.00 2.49 
SAC59 2.53 8.04 2.00 2.49 
SAC60 2.72 16.91 2.66 2.69 
SAC61 2.72 16.91 2.66 2.69 
SAC62 2.61 16.29 1.98 2.57 
SAC63 2.83 14.67 2.06 2.60 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SAC = Sacramento River basin impact area 
SFR = single-family residential unit 
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Table 3-3.  Unadjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas 
Impact Area SFR MFR MH MISC-RES 

SJ01 2.97 15.24 2.88 2.86 
SJ02 3.28 24.05 3.43 3.29 
SJ03 3.25 21.71 3.60 3.24 
SJ04 3.20 19.94 2.80 3.17 
SJ05 3.33 16.47 3.54 3.37 
SJ06 3.43 25.35 3.78 3.45 
SJ07 3.41 25.39 3.79 3.43 
SJ08 4.00 25.25 3.66 3.93 
SJ09 3.39 21.67 2.93 3.36 
SJ10 3.41 21.77 3.10 3.39 
SJ11 3.19 11.09 3.12 3.19 
SJ12 3.35 15.90 3.24 3.40 
SJ13 3.36 15.90 3.26 3.39 
SJ14 3.36 0.00 3.31 3.36 
SJ15 3.23 20.03 2.76 3.20 
SJ16 3.18 9.28 2.73 3.15 
SJ17 3.12 9.15 2.78 3.08 
SJ18 3.26 9.61 2.67 3.25 
SJ19 3.15 9.62 2.60 3.13 
SJ20 3.47 19.76 2.90 3.44 
SJ21 3.24 11.34 2.77 3.24 
SJ22 3.19 10.12 2.70 3.17 
SJ23 3.28 12.17 3.17 3.28 
SJ24 3.56 7.11 2.92 3.56 
SJ25 3.44 9.21 2.55 3.33 
SJ26 3.11 11.87 3.15 3.12 
SJ27 3.12 9.45 2.54 3.03 
SJ28 3.08 15.32 2.90 3.02 
SJ29 2.94 5.75 2.78 2.94 
SJ30 3.29 6.62 3.05 3.29 
SJ31 2.81 5.75 2.78 2.81 
SJ32 3.26 8.05 2.83 3.19 
SJ33 3.07 46.25 3.46 3.08 
SJ34 3.49 7.35 4.00 3.50 
SJ35 3.75 14.05 2.52 3.77 
SJ36 3.75 14.05 2.52 3.77 
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Table 3-3.  Unadjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas (contd.) 
Impact Area SFR MFR MH MISC-RES 

SJ37 3.24 16.03 2.94 3.39 
SJ38 3.35 6.17 2.30 3.34 
SJ39 3.35 6.17 2.30 3.34 
SJ40 3.23 6.04 2.34 3.22 
SJ41 3.29 6.62 3.05 3.29 
SJ42 3.22 6.23 3.00 3.16 
SJ43 3.56 6.43 3.48 3.54 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 
SJ = San Joaquin River basin impact area 

Table 3-4.  Unadjusted Persons-per-Structure Relationships for 
Stockton Area (STK) Impact Areas 
Impact Area SFR MFR MH MISC-RES 

STK 01 3.35 6.17 2.30 3.34 
STK 06 3.21 11.64 2.35 3.21 
STK 07 2.85 34.51 2.08 2.71 
STK 08 3.31 10.06 2.11 3.23 
STK 09 3.10 11.85 2.32 3.13 
STK 10 3.23 19.11 2.60 3.12 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = Multi-family residential unit 
MH = Mobile home unit 
MISC-RES = Miscellaneous residential unit 
SFR = Single-family residential unit 
STK = Stockton region impact area 

In the life risk study described herein, the result of Equation 2, the flood 
warning efficiency factor (eff), was used to adjust the persons-per-structure 
relationship to account for a reduction in exposure attributable to the 
State/federal/local warning system. In this study, variables in the equation 
were assigned values as follows: 

• Frw: Equations developed by Sorensen and Mileti (1988), shown in 
Table 3-5, were used to determine Frw. 

• Fw: The Comprehensive Study value of 1.00, derived from an expert 
elicitation, was used. 
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• Fc: Comprehensive Study value of 0.70, derived from an expert 
elicitation, was used. 

These variables are described in greater detail below. 

Value of Fraction of Public That Receives Warning (Frw) 
To assign a value to Frw, Sorensen and Mileti (1988) assessed the 
importance of two factors: the fraction of people at risk who could possibly 
be warned in a given time, and the fraction of people who will evacuate 
when ordered or advised to do so. In a comparative analysis of two dozen 
studies on public evacuation, the authors concluded that the number of 
people who will receive a warning increases as the available warning time 
increases. Sorensen and Mileti developed the equations in Table 3-5 to 
predict the fraction of public warned. The equations in Table 3-5 were used 
in the 2012 CVFPP life risk analysis. 

Table 3-5.  Fraction of Public Warned Given Available Warning Time 

Available Warning Time 
Equation, 

where X = available warning time 
(hours) 

Available warning time < 0.8 hours 
(50 minutes) Percent warned = 81.83(X)3.488 

0.8 hours ≤ available warning time < 3 
hours Percent warned = 59.58(X)0.4753 

3 hours ≤ available warning time < 7 
hours Percent warned = 66.63(X)0.2089 

Available warning time ≥ 7 hours Percent warned = 100 
Source: Sorensen and Mileti, 1988 

Sorensen and Mileti suggested that the evacuation rate (the fraction of 
people who leave the hazardous area) ranges from 0.32 to 0.98. Evacuation 
rates under conditions of perceived high risk ranged from 0.4 to 1.00. 

The Comprehensive Study impact areas are nearly identical to the impact 
areas for the 2012 CVFPP. Therefore, the without-project warning times 
provided in the Comprehensive Study were used in the Sorensen and Mileti 
equations in this life risk analysis. (Note that the Comprehensive Study 
used the term “mitigation time” for the period of time that this life risk 
study refers to as “warning time.”) Attachment A provides information on 
how the Comprehensive Study warning times were determined. 

In this life risk study, the differences in the impact areas were accounted 
for as follows: (1) the Comprehensive Study did not include Impact Area 
SAC63, so the Comprehensive Study Impact Area SAC40 was divided into 
two impact areas (SAC40 and SAC63) for this study, (2) the 
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Comprehensive Study did not include a warning time for Impact Area 
SJ40, so the warning time for the surrounding areas was used for SJ40, and 
(3) the Comprehensive Study did not include a warning time for Impact 
Area SJ43, so the warning time for SJ26, located just downstream from 
SJ43, was used here. 

A final change involved Impact Area SAC36, Natomas. Although this 
impact area is located along the left bank of the Sacramento River (just 
upstream of Sacramento), the warning time developed for the 
Comprehensive Study (0 hours) is primarily influenced by the local streams 
along the northern and eastern boundaries, and the American River to the 
south. However, for purposes of the SAC36 HEC-FDA model, flooding is 
assumed to occur from the Sacramento River. Thus, a warning time was 
used from an impact area directly across the Sacramento River from 
SAC36: SAC35 (Elkhorn). This time is 21 hours, which reflects the 
downstream location of SAC35 and SAC36 along the Sacramento River. 

Comprehensive Study Sacramento River basin warning times are listed in 
Table 3-6, and Comprehensive Study San Joaquin River basin warning 
times are listed in Table 3-7. Appendix A provides information on how the 
Comprehensive Study warning times were determined. 

Comprehensive Study warning times were not developed for the Stockton 
region. Thus, warning times for Stockton region impact areas were 
assigned based upon warning times in other San Joaquin and Sacramento 
impact areas with similar flood sources, as simulated within the HEC-FDA 
models.  For example, STK 01 (Lower Roberts Island) floods from the San 
Joaquin River, thus a mitigation time from nearby impact areas along the 
San Joaquin River was used: 36 hours. For all of the other Stockton impact 
areas, flooding occurs from local streams with potentially much shorter 
warning times, thus a warning time from SAC 40 and SAC 63 along the 
American River was used: 0 hours. Stockton region mitigation times are 
shown in Table 3-8. 

Value of Fraction of Public That Is Willing to Respond to Warning (Fw) 
Comprehensive Study experts suggested that Fw is close to 1.00. The 
experts argued that, in the Central Valley, a floodplain occupant who 
receives a credible warning is willing to take some kind of action. For 
purposes of the 2012 CVFPP, ongoing flood awareness activities by State 
and local governments throughout the Central Valley justify the value of 
1.00 for Fw. For example, the DWR Flood Risk Notification Program, 
which is part of the DWR FloodSAFE California initiative, is overseeing 
several activities to increase flood awareness in the Central Valley. 
Whether or not the actions taken are effective at reducing consequence is 
taken into account in Fc. 
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Value of Fraction of Public That Knows How to Respond Effectively 
and Is Capable of Responding (with or without assistance) (Fc) 
Comprehensive Study experts suggested that Fc ranges from 0.50 to 1.00, 
with an average of 0.70. This value falls within the range from Sorensen 
and Mileti (0.32 to 0.98). 

3.6.3 Adjusted Persons-per-Structure Values 
The unadjusted persons-per-structure values provided in Tables 3-2 and 3-3 
were adjusted to account for the fraction of floodplain occupants who will 
respond effectively and evacuate. The adjustment was made for each 
impact area and applied to the four residential occupancy types using 
Equation 3. 

 

 

 

-
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Table 3-6.  Comprehensive Study No Project Condition Warning (Mitigation) 
Times for Sacramento River Basin Impact Areas 

Impact 
Area Description 

Warning 
Time 
(hour) 

Impact 
Area Description 

Warning 
Time 
(hour) 

SAC01 Woodson Bridge East 0 SAC34 RD 1500 East 4 
SAC02 Woodson Bridge West 6 SAC35 Elkhorn 21 
SAC03 Hamilton City 0 SAC36 Natomas 211 
SAC04 Capay 0 SAC37 Rio Linda 0 
SAC05 Butte Basin 3 SAC38 West Sacramento 0 
SAC06 Butte City 3 SAC39 RD 900 24 
SAC07 Colusa Basin North 7 SAC40 Sacramento North 0 
SAC08 Colusa 13 SAC41 RD 302 24 
SAC09 Colusa Basin South 19 SAC42 RD 999 24 
SAC10 Grimes 16 SAC43 Clarksburg 24 
SAC11 RD 1500 West 4 SAC44 Stone Lake 24 
SAC12 Sycamore Slough 21 SAC45 Hood 24 
SAC13 Knight's Landing 21 SAC46 Merritt Island 24 
SAC14 Ridge Cut (North) 21 SAC47 RD 551 24 
SAC15 Ridge Cut (South) 21 SAC48 Courtland 24 
SAC16 RD 2035 21 SAC49 Sutter Island 27 
SAC17 East of Davis 21 SAC50 Grand Island 27 
SAC18 Upper Honcut 0 SAC51 Locke 27 
SAC20 Gridley 0 SAC52 Walnut Grove 27 
SAC21 Sutter Buttes East 0 SAC53 Tyler Island 27 
SAC22 Live Oak 0 SAC54 Andrus Island 27 
SAC23 Lower Honcut 0 SAC55 Ryer Island 27 
SAC24 Levee District #1 0 SAC56 Prospect Island 27 
SAC25 Yuba City 0 SAC57 Twitchell Island 27 
SAC26 Marysville 0 SAC58 Sherman Island 27 
SAC27 Linda-Olivehurst 0 SAC59 Moore 27 
SAC28 RD 784 0 SAC60 Cache Slough 27 
SAC29 Best Slough 0 SAC61 Hastings 27 
SAC30 RD 1001 0 SAC62 Lindsey Slough 27 
SAC32 RD 70-1660 0 SAC63 Sacramento South 02 

SAC33 Meridian 0 
Source: USACE, 2003 
Notes: 
1   This time was obtained from SAC36 (Elkhorn). 
2   Comprehensive Study did not include impact area SAC63. The original SAC40 was divided into two impact areas 

(SAC40 and SAC63) for this study and the same mitigation time as for the original SAC40 was used for both. 
Key: RD = Reclamation District; SAC = Sacramento River basin impact area 
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Table 3-7.  Comprehensive Study No Project Condition Warning 
(Mitigation) Times for San Joaquin River Basin (SJ) Impact Areas 

Impact 
Area Description 

Warning 
Time 
(hour) 

Impact 
Area Description 

Warning 
Time 
(hour) 

SJ01 Fresno 0 SJ23 Tuolumne South 0 
SJ02 Fresno Slough East 0 SJ24 Tuolumne River 0 
SJ03 Fresno Slough West 0 SJ25 Modesto 0 
SJ04 Mendota 0 SJ26 Three Amigos 24 
SJ05 Chowchilla Bypass 0 SJ27 Stanislaus South 0 
SJ06 Lone Willow Slough 0 SJ28 Stanislaus North 3 
SJ07 Mendota North 0 SJ29 Banta Carbona 36 
SJ08 Firebaugh 0 SJ30 Paradise Cut 36 
SJ09 Salt Slough 15 SJ31 Stewart Tract 36 
SJ10 Dos Palos 9 SJ32 East Lathrop 36 
SJ11 Fresno River 0 SJ33 Lathrop/Sharpe 36 
SJ12 Berenda Slough 0 SJ34 French Camp 36 
SJ13 Ash Slough 0 SJ35 Moss Tract 36 
SJ14 Sandy Mush 15 SJ36 Roberts Island 36 
SJ15 Turner Island 15 SJ37 Rough and Ready 

Island 
36 

SJ16 Bear Creek 33 SJ38 Drexler Tract 36 
SJ17 Deep Slough 24 SJ39 Union Island 36 
SJ18 West Bear Creek 24 SJ40 Union Island Toe 361 
SJ19 Fremont Ford 33 SJ41 Fabian Tract 36 
SJ20 Merced River 33 SJ42 RD 1007 36 
SJ21 Merced River North 30 SJ43 Grayson 242 
SJ22 Orestimba 30 

Source: USACE, 2003 
Notes: 
1  Comprehensive Study did not include a mitigation time for Impact Area SJ40, so David Ford Consulting 

Engineers used the same mitigation time as the surrounding impact areas. 
2  Comprehensive Study did not include a mitigation time for impact area SJ43; therefore, David Ford 

Consulting Engineers used the same mitigation time as from Impact Area SJ26, which is just 
downstream from SJ43. 

Key: 
RD = Reclamation District 
SJ = San Joaquin River basin impact area 
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Table 3-8.  Assigned No Project Warning (Mitigation) Times for 
Stockton Area (STK) Impact Areas 
Impact 
Area Description Warning 

Time (hr) 
Impact 
Area Description Warning 

Time (hr) 
STK 01 Lower Roberts Island1 36 STK 08 Bear Creek South2 0 
STK 06 Stockton East2 0 STK 09 Bear Creek North2 0 
STK 07 Calaveras River2 0 STK 10 Central Stockton2 0 

Notes: 
1  The Comprehensive Study did not include mitigation times for the Stockton area, thus a mitigation time 

for STK01 was obtained from surrounding impact areas along San Joaquin River. 
2  A mitigation time for the other Stockton impact areas, with flooding from local sources, was obtained 

from SAC 40 and SAC 63 along the American River. 
Key: 
hr = hour 
STK= Stockton region impact area 

The adjusted persons-per-structure values for the impact areas are listed in 
Tables 3-9 and 3-11. In many impact areas, the flood warning system 
efficiency is 0.00 because the warning times are 0.00. As a result, there is 
no reduction in the unadjusted persons-per-structure relationships for these 
impact areas shown in Tables 3-2 and 3-3. 

3.6.4 Water Depth-Percent Mortality Function 
Jonkman’s (2009) remaining zone water depth-percent mortality 
relationship (Equation 1 above) was used to calculate the 2012 CVFPP 
LRC Method water depth-percent mortality results shown in Table 3-12. 

3.6.5 Other Inputs to 2012 CVFPP Life Risk Calculation 
Model 

The HEC-FDA models developed for the economic evaluation of flood 
damages were modified as noted below for this life risk analysis. These 
HEC-FDA models required the following inputs: 

• Stage-frequency curve (stream hydraulics and hydrology) 

• Levee fragility curve (geotechnical considerations) 

• Flood depth grid (floodplain hydraulics) 

For this life risk analysis, the economic information necessary to compute 
expected annual damages was replaced with persons-per-structure 
functions and water depth-percent mortality functions, as described earlier 
in this report. 
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Table 3-9.  Adjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas 

Impact 
Area 

Flood 
Warning 

Efficiency 
SFR MFR MH MISC-RES 

SAC01 0.00 2.82 9.39 2.57 2.79 
SAC02 67.81 0.91 3.37 0.85 0.91 
SAC03 0.00 3.41 11.33 3.38 3.39 
SAC04 0.00 3.08 11.67 3.04 3.09 
SAC05 58.67 1.21 3.58 1.10 1.20 
SAC06 58.67 1.11 0.72 1.22 1.11 
SAC07 70.00 0.90 2.59 0.85 0.88 
SAC08 70.00 0.86 0.00 0.71 0.86 
SAC09 70.00 0.93 5.68 0.93 0.91 
SAC10 70.00 0.94 3.59 0.96 0.95 
SAC11 62.31 1.18 4.09 1.21 1.18 
SAC12 70.00 0.89 6.10 0.92 0.89 
SAC13 70.00 0.89 6.10 0.92 0.89 
SAC14 70.00 0.85 2.92 0.95 0.85 
SAC15 70.00 0.86 2.28 0.98 0.85 
SAC16 70.00 0.92 4.33 0.93 0.79 
SAC7 70.00 0.85 4.33 0.93 0.79 
SAC18 0.00 3.11 9.08 2.45 3.07 
SAC20 0.00 3.01 0.65 2.26 2.94 
SAC21 0.00 3.10 8.60 2.21 3.05 
SAC22 0.00 3.39 10.71 1.90 3.36 
SAC23 0.00 2.91 7.79 2.25 2.77 
SAC24 0.00 3.07 9.59 2.60 3.05 
SAC25 0.00 2.99 16.54 2.38 2.84 
SAC26 0.00 2.96 18.11 2.29 2.85 
SAC27 0.00 3.12 9.39 2.54 3.03 
SAC28 0.00 3.18 11.33 2.96 3.19 
SAC29 0.00 2.97 5.79 2.61 2.96 
SAC30 0.00 2.98 13.53 2.54 3.01 
SAC32 0.00 3.01 9.72 2.86 2.98 
SAC33 0.00 2.70 15.05 2.85 2.85 
SAC34 62.31 1.13 7.73 1.17 1.12 
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Table 3-9.  Adjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas (contd.) 

Impact 
Area 

Flood 
Warning 

Efficiency 
SFR MFR MH MISC-RES 

SAC35 70.00 0.89 6.33 0.77 0.89 
SAC36 70.001 0.89 4.68 0.69 0.81 
SAC37 0.00 3.31 22.42 2.76 3.29 
SAC38 0.00 2.86 29.87 1.94 2.54 
SAC39 70.00 0.76 4.71 0.59 0.74 
SAC40 0.00 2.83 14.67 2.06 2.60 
SAC41 70.00 0.84 4.52 0.74 0.80 
SAC42 70.00 0.79 4.53 0.70 0.78 
SAC43 70.00 0.87 6.25 0.74 0.87 
SAC44 70.00 0.98 10.89 0.76 0.95 
SAC45 70.00 0.87 6.25 0.74 0.87 
SAC46 70.00 0.84 3.14 0.80 0.85 
SAC47 70.00 0.84 3.14 0.80 0.85 
SAC48 70.00 0.86 3.17 0.83 0.86 
SAC49 70.00 0.81 5.34 0.69 0.81 
SAC50 70.00 0.79 5.17 0.64 0.78 
SAC51 70.00 0.81 3.10 0.81 0.82 
SAC52 70.00 0.81 3.10 0.81 0.82 
SAC53 70.00 0.74 4.33 0.66 0.72 
SAC54 70.00 0.81 2.82 0.65 0.81 
SAC55 70.00 0.80 5.24 0.68 0.79 
SAC56 70.00 0.78 4.89 0.59 0.77 
SAC57 70.00 0.76 2.41 0.60 0.75 
SAC58 70.00 0.76 2.41 0.60 0.75 
SAC59 70.00 0.76 2.41 0.60 0.75 
SAC60 70.00 0.82 5.07 0.80 0.81 
SAC61 70.00 0.82 5.07 0.80 0.81 
SAC62 70.00 0.78 4.89 0.59 0.77 
SAC63 0.00 2.83 14.67 2.06 2.60 
Source: David Ford Consulting Engineers, Inc., 2011 
Notes: 
1 Based on mitigation time of 21 hours obtained from SAC36 (Elkhorn). 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 
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Table 3-10.  Adjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas 

Impact 
Area 

Flood 
Warning 

Efficiency 
SFR MFR MH MISC-RES 

SJ01 0.00 2.97 15.24 2.88 2.86 
SJ02 0.00 3.28 24.05 3.43 3.29 
SJ03 0.00 3.25 21.71 3.60 3.24 
SJ04 0.00 3.20 19.94 2.80 3.17 
SJ05 0.00 3.33 16.47 3.54 3.37 
SJ06 0.00 3.43 25.35 3.78 3.45 
SJ07 0.00 3.41 25.39 3.79 3.43 
SJ08 0.00 4.00 25.25 3.66 3.93 
SJ09 70.00 1.02 6.50 0.88 1.01 
SJ10 70.00 1.02 6.53 0.93 1.02 
SJ11 0.00 3.19 11.09 3.12 3.19 
SJ12 0.00 3.35 15.90 3.24 3.40 
SJ13 0.00 3.36 15.90 3.26 3.39 
SJ14 70.00 1.01 0.00 0.99 1.01 
SJ15 70.00 0.97 6.01 0.83 0.96 
SJ16 70.00 0.95 2.79 0.82 0.95 
SJ17 70.00 0.94 2.75 0.83 0.92 
SJ18 70.00 0.98 2.88 0.80 0.97 
SJ19 70.00 0.94 2.89 0.78 0.94 
SJ20 70.00 1.04 5.93 0.87 1.03 
SJ21 70.00 0.97 3.40 0.83 0.97 
SJ22 70.00 0.96 3.04 0.81 0.95 
SJ23 0.00 3.28 12.17 3.17 3.28 
SJ24 0.00 3.56 7.11 2.92 3.56 
SJ25 0.00 3.44 9.21 2.55 3.33 
SJ26 70.00 0.93 3.56 0.94 0.94 
SJ27 0.00 3.12 9.45 2.54 3.03 
SJ28 58.67 1.26 6.28 1.19 1.24 
SJ29 70.00 0.88 1.73 0.83 0.88 
SJ30 70.00 0.99 1.99 0.92 0.99 
SJ31 70.00 0.84 1.73 0.84 0.84 
SJ32 70.00 0.98 2.42 0.85 0.96 
SJ33 70.00 0.92 13.88 1.04 0.92 
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Table 3-10.  Adjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas (contd.) 

Impact Area 
Flood 

Warning 
Efficiency 

SFR MFR MH MISC-RES 

SJ34 70.00 1.05 2.20 1.20 1.05 
SJ35 70.00 1.12 4.21 0.76 1.13 
SJ36 70.00 1.12 4.21 0.76 1.13 
SJ37 70.00 0.97 4.81 0.88 1.02 
SJ38 70.00 1.00 1.85 0.69 1.00 
SJ39 70.00 1.00 1.85 0.69 1.00 
SJ40 70.00 0.97 1.81 0.70 0.97 
SJ41 70.00 0.99 1.99 0.92 0.99 
SJ42 70.00 0.96 1.87 0.90 0.95 
SJ43 70.00 1.07 1.93 1.04 1.06 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 

Table 3-11.  Adjusted Persons-per-Structure Relationships for 
Stockton Area (STK) Impact Areas 
Impact Area SFR MFR MH MISC-RES 
STK 01 1.00 1.85 0.69 1.00 
STK 06 3.21 11.64 2.35 3.21 
STK 07 2.85 34.51 2.08 2.71 
STK 08 3.31 10.06 2.11 3.23 
STK 09 3.10 11.85 2.32 3.13 
STK 10 3.23 19.11 2.60 3.12 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 
STK = Stockton area impact area 
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Table 3-12.  Water Depth-Percent Mortality Results 
Water Depth (feet) Percent Mortality 

0 0.0 
1 0.1 
2 0.2 
3 0.4 
4 0.6 
5 0.8 
6 1.1 
7 1.3 
8 1.6 
9 1.8 
10 2.1 
11 2.3 
12 2.5 
13 2.8 
14 3.0 
15 3.3 
16 3.5 
25 5.7 

Source: David Ford Consulting Engineers, Inc., 2011 

3.7 Limitations and Advantages of 2012 CVFPP 
Life Risk Calculation Method 

The 2012 CVFPP LRC Method incorporates commonly used procedures 
for assessing life risk, as influenced by flood hazard, system performance, 
and vulnerability and exposure of people. The LRC Method is consistent 
generally with USACE methods. For consistency, the LRC Method 
integrated the life risk calculation method with the economic risk 
calculations described in Attachment 8F: Flood Damage Analysis, using a 
common numerical description of flood hazard and levee system 
performance. Exposure of people is tied to exposure of property. With this 
analysis strategy, computations for both economic and life risk were 
accomplished with the USACE HEC-FDA software application, as 
described above. The resulting life risk values are conditional: they 
represent consequences for a given area with a specified set of hydrologic 
and hydraulic conditions of the system, with best representation of 
performance of system levees and other features, and with stated 
assumptions regarding public warning and response. As such, the results 
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are informative indices of life risk, and the values shown herein provide a 
reliable metric for comparing the life-risk reduction attributable to 2012 
CVFPP approaches. However, the analysis is not a detailed life safety 
analysis suitable for other purposes, such as to forecast mortality for 
emergency response. 

For example, the LRC Method does not account explicitly for the 
following: 

• Changes in the distribution of people (exposure) as they respond to any 
flood warnings that may be issued. 

• Floods arriving at different times of the day, or on different days of the 
week. 

• Number of people who reach safety by moving to a higher elevation in 
a structure (“sheltering”), compared to those who are able to flee the 
structures and reach safety outside the flood zone. 

Nevertheless, given that it is used to evaluate relative differences in life risk 
among different approaches for each impact area, the LRC method is 
appropriate for the 2012 CVFPP life risk analysis for the following reasons: 

• Meets the plan evaluation objectives 

• Is systematic, reproducible, and defendable 

• Is based on reasonable science 

• Relies on empirical data 

• Relies on readily available data 

• Is applicable systemwide 
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4.0 Results 

4.1 Life Risk Results 

The computed life risk values for the No Project condition and the 2012 
CVFPP approaches for each impact area of the Sacramento and San 
Joaquin river basins, and Stockton area, are shown in Tables 4-1, 4-2, and 
4-3, respectively. 

4.1.1 Results for No Project Condition 
The No Project condition life risk values for the Sacramento River basin 
range from 0 to 32.2 (Table 4-1). Impact areas with some of the higher life 
risk values include SAC25-Yuba City (8.2), SAC27-Linda-Olivehurst 
(1.2), SAC36-Natomas (2.5), SAC37-Rio Linda (1.7), SAC38-West 
Sacramento (2.4), SAC40-Sacramento North (7.0), and SAC63-Sacramento 
South (32.2). The total No Project condition life risk value for this basin is 
58.6. 

The variation in life risk values for the San Joaquin River basin is much 
less, ranging from 0 to 3.0 (Table 4-2). Impact areas with some of the 
higher life risk values include SJ09-Salt Slough (3.0), SJ24-Tuolumne 
River (0.3), SJ25-Modesto (0.2), and SJ33-Lathrop/Sharpe (0.3). The total 
No Project condition life risk value for this basin (4.1) is much less than the 
Sacramento River basin. 

For the Stockton area, No Project life risk values range from 0 to 1.0 as 
shown in Table 4-3. 

For all basins, No Project life risk values for most impact areas are less 
than 1. 

4.1.2 Results for 2012 CVFPP Approaches 
For the Sacramento River basin, all of the 2012 CVFPP approaches have 
lower life risk values than the No Project condition, with the greatest 
reduction occurring with the Enhanced Flood System Capacity Approach 
(23.2 compared to 58.6). 

For the San Joaquin River basin, all of the 2012 CVFPP approaches have 
lower life risk values than the No Project condition, with the greatest 
reduction occurring with the Enhanced Flood System Capacity Approach 
(2.0 compared to 4.1). 
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For the Stockton area, all of the 2012 CVFPP approaches have the same 
components of levee improvement, except for STK01, and therefore reduce 
the No Project condition life risk value by the same amount (0.2 compared 
to 1.4).  The Protect High Risk Communities Approach results were used to 
represent all approaches (excluding No Project), except for STK01. All 
approaches were estimated in STK01. 

Figures 4-1, 4-2, and 4-3 show the percent life risk reductions for all 
approaches, compared to the No Project condition, for the Sacramento and 
San Joaquin river basins, and Stockton area, respectively. Tables 4-1, 4-2, 
and 4-3 present the life risk values for all approaches, by impact area, for 
the Sacramento and San Joaquin river basins, and Stockton area, 
respectively. 

 
Figure 4-1.  CVFPP Approach Life Risk Value Percent Reductions Compared to 
No Project Condition for Sacramento River Basin 
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Figure 4-2.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for San Joaquin River Basin 

 
Figure 4-3.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for Stockton Area 
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Table 4-1.  2012 CVFPP Life Risk Values for Sacramento River Basin 
Impact Areas 

Impact 
Area Description No 

Project SPFC PHRC EFSC SSIA 

SAC01 Woodson Bridge East 0.0 0.0 0.0 0.0 0.0 
SAC02 Woodson Bridge West 0.0 0.0 0.0 0.0 0.0 
SAC03 Hamilton City 0.2 0.3 0.3 0.3 0.3 
SAC04 Capay 0.0 0.0 0.0 0.0 0.0 
SAC05 Butte Basin 0.0 0.0 0.0 0.0 0.0 
SAC06 Butte City 0.0 0.0 0.0 0.0 0.0 
SAC07 Colusa Basin North 0.0 0.0 0.0 0.0 0.0 
SAC08 Colusa 0.0 0.0 0.0 0.0 0.0 
SAC09 Colusa Basin South 0.0 0.0 0.0 0.0 0.0 
SAC10 Grimes 0.0 0.0 0.0 0.0 0.0 
SAC11 RD 1500 West 0.0 0.0 0.0 0.0 0.0 
SAC12 Sycamore Slough 0.0 0.0 0.0 0.0 0.0 
SAC13 Knight's Landing 0.3 0.1 0.3 0.0 0.1 
SAC14 Ridge Cut (North) 0.0 0.0 0.0 0.0 0.0 
SAC15 Ridge Cut (South) 0.0 0.0 0.0 0.0 0.0 
SAC16 RD 2035 0.0 0.0 0.0 0.0 0.0 
SAC17 East of Davis 0.0 0.0 0.0 0.0 0.0 
SAC18 Upper Honcut 0.0 0.0 0.0 0.0 0.0 
SAC20 Gridley 0.1 0.1 0.1 0.1 0.1 
SAC21 Sutter Buttes East 0.1 0.1 0.1 0.1 0.1 
SAC22 Live Oak 0.2 0.3 0.2 0.2 0.2 
SAC23 Lower Honcut 0.1 0.1 0.1 0.1 0.1 
SAC24 Levee District #1 0.1 0.0 0.2 0.0 0.0 
SAC25 Yuba City 8.2 3.4 2.7 2.5 2.4 
SAC26 Marysville 0.4 0.5 0.5 0.5 0.5 
SAC27 Linda-Olivehurst 1.2 1.3 1.4 1.3 1.3 
SAC28 RD 784 0.4 0.8 0.5 0.2 0.4 
SAC29 Best Slough 0.2 0.0 0.2 0.1 0.2 
SAC30 RD 1001 0.1 0.0 0.1 0.0 0.1 
SAC32 RD 70-1660 0.1 0.0 0.1 0.0 0.1 
SAC33 Meridian 0.1 0.0 0.1 0.0 0.1 
SAC34 RD 1500 East 0.0 0.0 0.0 0.0 0.0 
SAC35 Elkhorn 0.0 0.0 0.0 0.0 0.0 
SAC36 Natomas 2.5 2.9 0.7 0.6 0.8 
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Table 4-1.  2012 CVFPP Life Risk Values for Sacramento River Basin 
(SAC) Impact Areas (contd.) 

Impact 
Area Description No 

Project SPFC PHRC EFSC SSIA 

SAC37 Rio Linda 1.7 2.1 1.2 1.0 1.2 
SAC38 West Sacramento 2.4 1.8 1.2 0.8 1.2 
SAC39 RD 900 0.4 0.4 0.1 0.1 0.1 
SAC40 Sacramento North 7.0 6.0 3.2 3.0 3.2 
SAC41 RD 302 0.0 0.0 0.0 0.0 0.0 
SAC42 RD 999 0.0 0.0 0.0 0.0 0.0 
SAC43 Clarksburg 0.0 0.0 0.0 0.0 0.0 
SAC44 Stone Lake 0.2 0.8 0.0 0.1 0.0 
SAC45 Hood 0.2 0.0 0.0 0.0 0.0 
SAC46 Merritt Island 0.0 0.0 0.0 0.0 0.0 
SAC47 RD 551 0.0 0.0 0.0 0.0 0.0 
SAC48 Courtland 0.0 0.0 0.0 0.0 0.0 
SAC49 Sutter Island 0.0 0.0 0.0 0.0 0.0 
SAC50 Grand Island 0.1 0.0 0.1 0.0 0.1 
SAC51 Locke 0.0 0.0 0.0 0.0 0.0 
SAC52 Walnut Grove 0.0 0.0 0.0 0.0 0.0 
SAC53 Tyler Island 0.0 0.0 0.0 0.0 0.0 
SAC54 Andrus Island 0.0 0.0 0.0 0.0 0.0 
SAC55 Ryer Island 0.0 0.0 0.0 0.0 0.0 
SAC56 Prospect Island 0.0 0.0 0.0 0.0 0.0 
SAC57 Twitchell Island 0.0 0.0 0.0 0.0 0.0 
SAC58 Sherman Island 0.0 0.0 0.0 0.0 0.0 
SAC59 Moore 0.0 0.0 0.0 0.0 0.0 
SAC60 Cache Slough 0.0 0.0 0.0 0.0 0.0 
SAC61 Hastings 0.0 0.0 0.0 0.0 0.0 
SAC62 Lindsey Slough 0.0 0.0 0.0 0.0 0.0 
SAC63 Sacramento South 32.2 34.8 18.1 12.3 15.6 

TOTAL  58.6 56.0 31.6 23.2 
Notes: 
1   Although individual impact area results are presented in this table for completeness, the most appropriate 

comparison of the life risk values is on an aggregate, systemwide basis, comparing the relative differences in the 
reductions achieved by the approaches. See Section 4.2. 

Key: 
CVFPP = Central Valley Flood Protection Plan 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
RD = Reclamation District 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Table 4-2.  2012 CVFPP Life Risk Values for San Joaquin River Basin (SJ) 
Impact Areas 

Impact 
Area 

Description No 
Project 

SPFC PHRC EFSC SSIA 

SJ01 Fresno 0.0 0.0 0.0 0.0 0.0 
SJ02 Fresno Slough East 0.0 0.0 0.0 0.0 0.0 
SJ03 Fresno Slough West 0.0 0.0 0.0 0.0 0.0 
SJ04 Mendota 0.0 0.0 0.0 0.0 0.0 
SJ05 Chowchilla Bypass 0.0 0.0 0.0 0.0 0.0 
SJ06 Lone Willow Slough 0.0 0.2 0.0 0.1 0.0 
SJ07 Mendota North 0.0 0.0 0.0 0.0 0.0 
SJ08 Firebaugh 0.0 0.0 0.0 0.0 0.0 
SJ09 Salt Slough 3.0 2.4 3.0 1.40 2.9 
SJ10 Dos Palos 0.0 0.0 0.0 0.0 0.0 
SJ11 Fresno River 0.0 0.0 0.0 0.0 0.0 
SJ12 Berenda Slough 0.0 0.0 0.0 0.0 0.0 
SJ13 Ash Slough 0.0 0.0 0.0 0.0 0.0 
SJ14 Sandy Mush 0.0 0.0 0.0 0.0 0.0 
SJ15 Turner Island 0.0 0.0 0.0 0.0 0.0 
SJ16 Bear Creek 0.0 0.0 0.0 0.0 0.0 
SJ17 Deep Slough 0.0 0.0 0.0 0.0 0.0 
SJ18 West Bear Creek 0.0 0.0 0.0 0.0 0.0 
SJ19 Fremont Ford 0.0 0.0 0.0 0.0 0.0 
SJ20 Merced River 0.0 0.0 0.0 0.0 0.0 
SJ21 Merced River North 0.0 0.0 0.0 0.0 0.0 
SJ22 Orestimba 0.0 0.0 0.0 0.0 0.0 
SJ23 Tuolumne South 0.0 0.1 0.1 0.0 0.1 
SJ24 Tuolumne River 0.3 0.3 0.2 0.0 0.2 
SJ25 Modesto 0.2 0.2 0.2 0.1 0.2 
SJ26 Three Amigos 0.0 0.0 0.0 0.0 0.0 
SJ27 Stanislaus South 0.0 0.0 0.0 0.0 0.0 
SJ28 Stanislaus North 0.0 0.0 0.0 0.0 0.0 
SJ29 Banta Carbona 0.1 0.2 0.1 0.1 0.1 
SJ30 Paradise Cut 0.0 0.0 0.0 0.0 0.0 
SJ31 Stewart Tract 0.0 0.0 0.0 0.0 0.0 
SJ32 East Lathrop 0.0 0.0 0.0 0.0 0.0 
SJ33 Lathrop/ Sharpe 0.3 0.2 0.1 0.1 0.1 
SJ34 French Camp 0.0 0.3 0.0 0.0 0.0 
SJ35 Moss Tract 0.0 0.0 0.0 0.0 0.0 
SJ36 Roberts Island 0.0 0.0 0.0 0.0 0.0 
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Table 4-2. 2012 CVFPP Life Risk Values for San Joaquin River Basin 
Impact Areas (contd.) 

Impact 
Area 

Description No 
Project 

SPFC PHRC EFSC SSI 

SJ37 Rough and Ready 
Island 0.0 0.0 0.0 0.0 0.0 

SJ38 Drexler Tract 0.0 0.0 0.0 0.0 0.0 
SJ39 Union Island 0.0 0.0 0.0 0.0 0.0 
SJ40 Union Island Toe 0.0 0.0 0.0 0.0 0.0 
SJ41 Fabian Tract 0.0 0.0 0.0 0.0 0.0 
SJ42 RD 1007 0.0 0.0 0.0 0.0 0.0 
SJ43 Grayson 0.0 0.0 0.0 0.0 0.0 

TOTAL  4.1 4.0 3.9 2.0 
Notes: 
1  Although individual impact area results are presented in this table for completeness, the most appropriate 

comparison of the life risk values is on an aggregate, systemwide basis, comparing the relative differences in 
the reductions achieved by the approaches. See Section 4.2. 

Key: 
CVFPP = Central Valley Flood Protection Plan 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
RD = Reclamation District 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 

Table 4-3. 2012 CVFPP Life Risk Values for Stockton Area Impact 
Areas 

Impact 
Area 

Description No 
Project 

SPFC PHRC EFSC SSI 

STK 01 Lower Roberts Island 0.1 0.0 0.0 0.0 0.0 
STK 06 Stockton East 0.0 0.0 0.0 0.0 0.0 
STK 07 Calaveras River 1.0 0.2 0.2 0.2 0.2 
STK 08 Bear Creek South 0.0 0.0 0.0 0.0 0.0 
STK 09 Bear Creek North 0.0 0.0 0.0 0.0 0.0 
STK 10 Central Stockton 0.3 0.0 0.0 0.0 0.0 

TOTAL  1.4 0.2 0.2 0.2 
Notes: 
1  Although individual impact area results are presented in this table for completeness, the most appropriate 

reductions achieved by the approaches. See Section 4.2. 
Key: 
CVFPP = Central Valley Flood Protection Plan 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
STK = Stockton area impact area 

  



2012 Central Valley Flood Protection Plan 
Attachment 8G: Life Risk Analysis 

4-8 January 2012 
 Public Draft 

4.2 Discussion of Results 

These calculated life risk values were computed using HEC-FDA. Revised 
structure inventories (persons-per-structure relationships) and a water 
depth-percent mortality function were imported into the 2012 CVFPP 
HEC-FDA models, retaining the hydraulics and geotechnical inputs. HEC-
FDA integrates the complex hydraulics, geotechnical, and consequence 
information, all of which affect the life risk values. 

In addition to the traditional HEC-FDA inputs, the LRC Method also 
includes population information. Although population is not directly 
entered into HEC-FDA, for the LRC Method, it was indirectly entered with 
the residential persons-per-structure estimates that replaced the economic 
values (Tables 3-2, 3-3, and 3-4). These values were then reduced to 
account for evacuation as a result of existing flood warning system 
efficiencies and associated warning times (Tables 3-5, 3-6, and 3-7). Table 
4-4 compares the 2000 population estimates and warning times for the 
Sacramento River basin impact areas with relatively high life risk values. 
As shown by this table, higher life risk values are consistent with higher 
population estimates. For example, the highest life risk value (32.2) was 
estimated for SAC63 (Sacramento South), which has the highest population 
of all 110 impact areas. 

LRC Method results are also affected by warning times. As shown in 
Table 4-4, all impact areas with higher life risk values have mitigation 
times of 0 hours, except SAC36 (Natomas). With a 0-hour mitigation time, 
the number of persons per structure is not reduced to account for warning 
system efficiency. For example, the mitigation time for SAC36 was 
increased from 0 to 21 hours for this analysis. However, if the original 
Comprehensive Study mitigation time is used (0 hours), the resulting life 
risk value is 8.4 for SAC36. 

Two other impact areas with higher life risk values are SAC40 (Sacramento 
North) and SAC63 (Sacramento South), both located along the American 
River in metropolitan Sacramento. Both of these impact areas show 0-hour 
mitigation times based on the Comprehensive Study estimates of forecast 
lead time and response time. Attachment A provides information on how 
the Comprehensive Study warning times were determined. For these two 
impact areas, a sensitivity analysis was conducted to determine the effect of 
a 2-hour mitigation time on the life risk values and relative ranking of the 
approaches. Not unexpectedly, the total life loss estimates were lower for 
these 2 impact areas, as shown in Table 4-5. The percent reductions among 
the approaches for all impact areas changed somewhat, as shown in Figure 
4-4 (compared to Figure 3-1).  However, more importantly, the relative 
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ranking of the approaches, in terms of percentage reductions compared to 
the No Project condition, did not change significantly. 

Table 4-4.  Comparison of Population and Warning (Mitigation) Times 
 for Impact Areas with High Life Risk Values 

Impact 
Area Description 2000 

Population 

Warning 
Time  

(hours) 

No Project 
Life Risk 

Value 
SAC63 Sacramento South 413,736 0 32.2 
SAC40 Sacramento North 60,314 0 7.0 
SAC25 Yuba City 58,020 0 8.2 
SAC36 Natomas 41,141 21 (0)1 2.5 (8.4)1 
SAC37 Rio Linda 26,173 0 1.7 
SAC38 West Sacramento 25,605 0 2.4 
SAC27 Linda-Olivehurst 25,516 0 1.2 
Note: 
1  For comparison purposes, the original SAC36 mitigation time and resulting life risk value are 

shown in parentheses. 

Table 4-5.  Life Risk Values with 0 Hour and 2 Hour Mitigation Times 
for SAC 40 and SAC 63 

Area No Action SPFC PHRC EFSC SSIA 
0 hour mitigation time 
SAC 40 7.0 6.0 3.2 3.0 3.2 
SAC 63 32.2 34.8 18.1 12.3 15.5 
2 hour mitigation time 
SAC 40 2.9 2.5 1.3 1.3 1.3 
SAC 63 13.5 14.5 7.6 5.2 6.5 
Key: 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Figure 4-4.  Total Life Risk Value Percent Reductions with 2 Hour 
Mitigation Times for SAC 40 and SAC 63 

Although the Comprehensive Study mitigation times were developed 
almost 10 years ago, they are still believed to reflect current flood 
emergency forecast, decision making, and notification times for these two 
impact areas. Thus, the original Comprehensive Study 0-hour mitigation 
times have been retained for the No Project condition.  However, it is 
recognized that improvements are, and will continue be, made in 
forecasting, emergency response, and notification in the Central Valley, 
which will further enhance the ability of the recommended State 
Systemwide Investment Approach to reduce flood life risk. This sensitivity 
analysis demonstrates how important these activities are for managing 
residual risk in the Central Valley. 

The LRC Method results can be compared with results of the economic 
analysis. The same depths that were used to compute expected annual 
damages (EAD) were also used to compute life risk values. For example, 
the average depth of flooding for SAC63 for the p=0.002 (500-year) flood 
event is 6.71 feet which affects both the EAD and life risk values. Table 4-
6 indicates that the higher life risk values are consistent with higher EAD 
estimates described in Attachment 8F: Flood Damage Analysis. 

Finally, care should be used when interpreting the computed life risk values 
reported in Tables 4-1, 4-2, and 4-3 for individual impact areas. Because 
(1) uncertainties for the life risk consequence inputs were not defined (e.g., 
persons-per-structure relationships), and (2) because of the inherent 
precision of the calculations in HEC-FDA, the life risk values may not be 
significantly different than 0, especially the smaller values (e.g., 0.1). 
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In addition, caution must be used when comparing the life risk values with 
the expected annual damage (EAD) estimates presented in Attachment 8F 
(Flood Damage Analysis). Although both estimates are sensitive to flood 
depths within the impact areas (one of the key HEC-FDA inputs), the EAD 
estimates are more sensitive to changes in shallower depths than the life 
risk values. This is because the slopes of the depth-% damage and depth-% 
mortality functions are very different, as shown in Figure 4-5.  The depth-
% damage function (the solid green line) is much steeper than the depth-% 
mortality function (the solid red line). Therefore, relative changes in EAD 
values in the individual impact areas may not necessarily correspond to 
relative changes in the life risk values, attributable to the different 
approaches. 

The most appropriate comparison of the life risk values is on an aggregate, 
basin-by-basin basis, comparing the relative differences in the reductions 
achieved by the approaches, as shown in Figure 2-1. 

Table 4-6.  Comparison of HEC-FDA Expected Annual Damage and 
Life Risk Values for Impact Areas with High Life Risk Values 

Impact 
Area Description 

Average 
Depth for 
p=0.002 

Event (feet) 

No Project 
EAD 

($1,000) 

No Project 
Life Risk 

Value 

SAC63 Sacramento South 6.71 107,120 32.2 
SAC36 Natomas 11.46 54,181 2.5 
SAC40 Sacramento North 8.26 27,636 7.0 
SAC38 West Sacramento 7.20 8,528 2.4 
SAC25 Yuba City 3.64 58,944 8.2 
SAC37 Rio Linda 7.47 4,917 1.7 
SAC27 Linda-Olivehurst 5.86 2,080 1.2 
Key: 
EAD = expected annual damages 
HEC-FDA = Hydraulic Engineering Center Flood Damage Analysis 
p=0,002 event = 500-year event 

 
  



2012 Central Valley Flood Protection Plan 
Attachment 8G: Life Risk Analysis 

4-12 January 2012 
 Public Draft 

 
Figure 4-5.  Comparison of Depth - Percent Damage and Depth – 
Percent Mortality Functions 

4.3 Recommendations for Life Risk Analysis for 
2017 CVFPP 

For updates to the CVFPP, specialized off-the-shelf software applications, 
including HEC-FIA, HAZUS, and LIFESim, should be considered. If those 
applications are enhanced or otherwise modified to meet the needs for life 
risk analysis in the CVFPP, they may be used. However, such a wholesale 
change in analysis method is not required because the life risk analysis 
method used herein is acceptable and appropriate. It provides a systematic, 
unbiased, reproducible method for assessing risk to people protected by the 
project. Future refinements to the analysis might include (but are not 
limited to) the following: 

• Future estimates of population exposed should be adjusted to account 
for time of day that flooding occurs. The analysis reported herein made 
no distinction between daytime and nighttime flooding. However, in 
some neighborhoods, such as downtown Sacramento, the population 
will be greater during business hours, while in other neighborhoods, 
such as the residential neighborhoods of Sacramento, population will be 
greater during the evening. 
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• Future estimates of population exposed should be adjusted to account 
for enhancements that come with improved emergency response. For 
example, DWR has projects underway to refine emergency response 
plans and to improve forecasting for communities subjected to 
flooding. These projects will increase the warning time, thus reducing 
the exposure of people to flooding. This improvement should be 
accounted for in future estimates of life risk. 

• Future estimates of loading should use the best available models. For 
example, the flood depths used as the basis for computing consequence-
probability functions for life risk analysis should be updated to use the 
results of the Central Valley Hydrology Study and the Central Valley 
Flood Evaluation and Delineation study. 

• The latest census data should be used as each revision of the CVFPP is 
undertaken, thus accounting for increases, decreases, and shifts in 
population. 
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6.0 Acronyms and Abbreviations 
Board ........................ Central Valley Flood Protection Board 

Delta .......................... Sacramento-San Joaquin Delta 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

DWR ......................... California Department of Water Resources 

DEM .......................... Digital Elevation Model 

EAD ........................... expected annual damage 

FEMA ........................ Federal Emergency Management Agency 

GIS ............................ geographic information system 

Hazus-MH ................. Hazards U.S. Multi-Hazard 

HEC .......................... U.S. Army Corps of Engineers’ Hydrologic 
Engineering Center 

HEC-FDA .................. Hydrologic Engineering Center Flood Damage 
Analysis 

HEC-FIA .................... Hydrologic Engineering Center Flood Impact 
Analysis 

LRC ........................... Life Risk Calculation 

MFR .......................... multi-family residential 

MH ............................ mobile home 

MISC-RES ................. miscellaneous residential 

SFR ........................... single-family residential 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

USACE ...................... U.S. Army Corps of Engineers 
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Mitigation Times Summary 
Comprehensive Study mitigation times were used to determine the flood 
warning efficiency factors used in the life risk calculation. This appendix 
describes how the Comprehensive Study mitigation times were determined. 
Further explanation is included in Appendix B (and Attachment 3) of the 
Enhanced Flood Response and Emergency Preparedness (EFREP) Initial 
Project Feasibility Study: Methods of Computing Damage Reduction 
(USACE 2003). 

Flood Warning Timeline 

Figure A-1 illustrates how time is spent responding to floods. The triangles 
represent milestones in the process, the last of which is exceedence of a 
threshold at which property is damaged, injuries occur, or lives are lost. If 
warning is available before that, mitigative actions can be taken. The goal 
of a flood warning system is to ensure that this is so. Mitigation time, 
shown in green in Figure A-1, is the time people have to take actions to 
reduce damage and avoid injuries and loss of life. 

 
Figure A-1.  How Time is Spent Responding to Floods 

USACE (1996) provides guidance for estimating the warning time 
provided by a flood warning system. This guidance suggests that the 
maximum potential warning time is the time between the first detectable or 
predictable precipitation and the time at which the stage (water surface 
elevation) exceeds the threshold for damage or threat to life at a critical 
location (i.e., the time between Monitoring begins and Threshold exceeded 
in the timeline). 

This maximum potential warning time varies from storm to storm and 
location to location. For example, if damageable property in a watershed is 
near the outlet, and if a short duration thunderstorm is centered near the 
outlet, the maximum potential warning time will be short. However, if the 
storm is centered at the far extent of the watershed, or if a forecast of the 
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precipitation is available before it actually occurs (a quantitative 
precipitation forecast), the maximum potential warning time for this same 
location will be longer. Likewise, the watershed state plays a role in 
determining the maximum potential warning time: if watershed soils are 
saturated, the time between precipitation and runoff is shorter than if the 
watershed soils are dry. 

But even if a storm is centered far from the outlet and soils are dry, the time 
available for mitigation may be short, because people are not able or 
willing to respond to a flood threat from the very onset or prediction of 
precipitation. For example, roads would not be closed, property moved, and 
evacuation commenced simply because a tipping bucket raingage tips in 
the upper reaches of a watershed. Thus, the actual warning time, the time 
truly available to take action to protect people and property, is less than the 
maximum potential warning time. The time between initiation of 
monitoring and exceedence of the threshold is spent completing other 
necessary tasks. 

Some time is required to detect an event: to collect and transmit 
hydrometeorological data, to analyze these data, and to forecast the stage 
due to the precipitation. This block of time is labeled Detection time in the 
timeline in Figure A-1. After the forecast is developed, additional time is 
required for forecasters to provide the product to emergency responders at 
critical locations in the basins. These responders would take time to 
evaluate the product, to identify vulnerable people and property, and to 
make decisions about what to do. The block of time required for evaluation 
and notification by local responders is labeled Emergency responder 
notification & decision making time in the figure. The emergency 
responders take time to notify the public (labeled Public notification time in 
Figure A-1), who can then take action to protect themselves and their 
property. Finally, response begins. The time remaining for the response 
before the water-level threshold is exceeded is the Action (warning or 
mitigation) time. This is the time that yields the benefit in terms of property 
damage avoided and lives saved. 

For example, suppose that the maximum potential warning time for a 
watershed averages 24 hours. That is, if emergency response began 
immediately on detection of rainfall in that watershed, the mitigation time 
available will be 24 hours. However, this kind of response is unlikely 
because the other activities described consume the time available. A few 
hours will be spent collecting and evaluating data, making decisions, 
notifying responders, and so on. Thus, the time actually available for 
mitigation will be less than 24 hours. If the system fails to detect that the 
rainfall rate is such that water levels are certain to rise to damaging levels, 
if the proper responders are not notified, or if an efficient response plan is 
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lacking, the entire maximum potential warning time may be wasted. In that 
case, the mitigation time would be 0 hours, and the flood warning system 
would have no benefit. 

However, if the flood warning system includes products and services that 
speed the evaluation and notification and improve the response, the flood 
warning system will increase the mitigation time. This will give responders 
and citizens more time to protect lives, property, lifelines, and the 
environment. 

How Comprehensive Study Mitigation Times Were Determined 

For the Comprehensive Study, DWR, National Weather Service 
forecasters, and Central Valley emergency responders were asked to 
provide estimates of the various times shown in Figure A-1 for conditions 
existing at the time of the study (2003) and forecast points throughout the 
Central Valley. These times were then correlated to the Comprehensive 
Study impact areas, which are nearly identical to the CVFPP impact areas. 

The Comprehensive Study without-project condition mitigation times 
derived from this process are listed in Table A-1 for the Sacramento River 
Basin and Table A-2 for the San Joaquin River Basin.  
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Table A-1.  Comprehensive Study Without-Project Condition Warning 
(Mitigation) Times for Sacramento River Basin 

Impact 
Area Description 

Forecast lead 
time 

(hours) 

Notification 
and decision 
making time 

(hours) 

Warning time 
(hours) 

SAC01 Woodson Bridge East 18 21 0 
SAC02 Woodson Bridge West 18 12 6 
SAC03 Hamilton City 18 21 0 
SAC04 Capay 18 21 0 
SAC05 Butte Basin 24 21 3 
SAC06 Butte City 24 21 3 
SAC07 Colusa Basin North 24 17 7 
SAC08 Colusa 30 17 13 
SAC09 Colusa Basin South 36 17 19 
SAC10 Grimes 33 17 16 
SAC11 RD 1500 West 39 35 4 
SAC12 Sycamore Slough 42 21 21 
SAC13 Knight's Landing 42 21 21 
SAC14 Ridge Cut (North) 42 21 21 
SAC15 Ridge Cut (South) 42 21 21 
SAC16 RD 2035 42 21 21 
SAC17 East of Davis 42 21 21 
SAC18 Honcut 12 21 0 
SAC19 Sutter Buttes North 12 21 0 
SAC20 Gridley 12 21 0 
SAC21 Sutter Buttes East 12 35 0 
SAC22 Live Oak 12 35 0 
SAC23 District 10 12 21 0 
SAC24 Levee District #1 12 35 0 
SAC25 Yuba City 12 17 0 
SAC26 Marysville 12 21 0 
SAC27 Linda-Olivehurst 12 21 0 
SAC28 RD 784 15 21 0 
SAC29 Best Slough 15 21 0 
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Table A-1.  Comprehensive Study Without-Project Condition Warning 
(Mitigation) Times for Sacramento River Basin (contd.) 

Impact 
Area Description 

Forecast 
Lead Time 

(hours) 

Notification 
and Decision 
Making Time 

(hours) 

Warning Time 
(hours) 

SAC30 RD 1001 18 35 0 
SAC31 Sutter Buttes South 33 35 0 
SAC32 Rec Dist 70-1660 33 35 0 
SAC33 Meridian 33 35 0 
SAC34 RD 1500 West 39 35 4 
SAC35 Elkhorn 42 21 21 
SAC36 Natomas 8 21 0 
SAC37 Rio Linda 8 17 0 
SAC38 West Sacramento 8 21 0 
SAC39 RD 900 45 21 24 
SAC40 Sacramento 8 17 0 
SAC41 RD 302 45 21 24 
SAC42 RD 999 45 21 24 
SAC43 Clarksburg 45 21 24 
SAC44 Stone Lake 45 21 24 
SAC45 Hood 45 21 24 
SAC46 Merritt Island 45 21 24 
SAC47 RD 551 45 21 24 
SAC48 Courtland 45 21 24 
SAC49 Sutter Island 48 21 27 
SAC50 Grand Island 48 21 27 
SAC51 Locke 48 21 27 
SAC52 Walnut Grove 48 21 27 
SAC53 Tyler Island 48 21 27 
SAC54 Andrus Island 48 21 27 
SAC55 Ryer Island 48 21 27 
SAC56 Prospect Island 48 21 27 
SAC57 Twitchell Island 48 21 27 
SAC58 Sherman Island 48 21 27 
SAC59 Moore 48 21 27 
SAC60 Cache Slough 48 21 27 
SAC61 Hastings 48 21 27 
SAC62 Lindsey Slough 48 21 27 
Source: USACE, 2003 
Key: 
RD = Reclamation District 
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Table A-2.  Comprehensive Study Without-Project Condition Warning 
(Mitigation) Times for San Joaquin River Basin 

Impact 
Area Description 

Forecast lead 
time 
(hrs) 

Notification 
and decision 
making time 

(hrs) 

Warning time 
(hrs) 

SJ01 Fresno 12 27 0 
SJ02 Fresno Slough East 12 27 0 
SJ03 Fresno Slough West 12 27 0 
SJ04 Mendota 12 27 0 
SJ05 Chowchilla Bypass 12 27 0 
SJ06 Lone Willow Slough 24 27 0 
SJ07 Mendota North 24 27 0 
SJ08 Firebaugh 24 27 0 
SJ09 Salt Slough 30 15 15 
SJ10 Dos Palos 24 15 9 
SJ11 Fresno River 24 27 0 
SJ12 Berenda Slough 24 27 0 
SJ13 Ash Slough 24 27 0 
SJ14 Sandy Mush 30 15 15 
SJ15 Turner Island 30 15 15 
SJ16 Bear Creek 48 15 33 
SJ17 Deep Slough 39 15 24 
SJ18 West Bear Creek 39 15 24 
SJ19 Fremont Ford 48 15 33 
SJ20 Merced River 48 15 33 
SJ21 Merced River North 48 18 30 
SJ22 Orestimba 48 18 30 
SJ23 Tuolumne South 12 18 0 
SJ24 Tuolumne River 12 18 0 
SJ25 Modesto 12 18 0 
SJ26 3 Amigos 42 18 24 
SJ27 Stanislaus South 15 18 0 
SJ28 Stanislaus North 15 12 3 
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Table A-2.  Comprehensive Study Without-Project Condition 
Mitigation Times for San Joaquin River Basin (contd.) 

Impact 
Area Description 

Forecast 
Lead Time 

(hours) 

Notification 
and Decision 
Making Time 

(hours) 

Warning 
Time 

(hours) 

SJ29 Banta Carbona 48 12 36 
SJ30 Paradise Cut 48 12 36 
SJ31 Stewart Tract 48 12 36 
SJ32 East Lathrop 48 12 36 
SJ33 Lathrop/Sharpe 48 12 36 
SJ34 French Camp 48 12 36 
SJ35 Roberts Island 48 12 36 
SJ36 Roberts Island 48 12 36 
SJ37 Rough and Ready 

Island 
48 12 36 

SJ38 Drexler Tract 48 12 36 
SJ39 Union Island 48 12 36 
SJ41 Fabian Tract 48 12 36 
SJ42 RD 1007 48 12 36 
Source: USACE, 2003 
Key: 
RD = Reclamation District 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), and provides an overview of the report organization. 

1.1 Purpose of this Attachment 

This attachment documents findings of a regional economic analysis 
evaluating the State Systemwide Investment Approach (SSIA) presented in 
the 2012 Central Valley Flood Protection Plan (CVFPP) compared to No 
Project (described in Attachment 7: Plan Formulation). 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 
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1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 
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Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 summarizes results and findings for the regional economic 
impact analysis. 

• Section 3 describes the methodology used in this analysis. 

• Section 4 provides complete results for the regional economic impact 
analysis. 

• Section 5 contains references for the sources cited in this document. 

• Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Result Summary and Findings 
A summary of the findings of the regional economic impact analysis for the 
SSIA is presented and described below. The regional economic analysis 
assesses potential employment and industry output effects associated with 
implementation of the SSIA. Assumptions and limitations and complete 
results for the of the regional economic impact analysis are presented in 
Section 4. The SSIA will affect the regional economy in two primary ways: 

1. Implementation of the SSIA will improve flood management, resulting 
in reduced flood damages and business losses. Avoided business losses 
will result in direct, indirect, and induced employment and industry 
output effects. 

2. Construction expenditures to improve flood protection facilities in the 
Sacramento and San Joaquin river basins will stimulate regional 
economies resulting in direct, indirect, and induced employment and 
industry output effects. 

2.1 Employment Effects of State Systemwide 
Investment Approach 

Annual employment effects of the SSIA are estimated for project 
construction and avoided business losses for the Sacramento and San 
Joaquin river basins using Impact Analysis for Planning (IMPLAN)1. The 
total employment effect for each basin is the sum of the direct, indirect, and 
induced employment effects, which are defined as: 

• Direct employment: Jobs2 created in industry sector(s) of initial 
spending as a result of initial spending. 

• Indirect employment: Jobs created as a result of purchases of goods, 
services, energy, and labor from supporting industries by the industry 
sector(s) where initial spending occurred. 

• Induced employment: Jobs created when households who see increased 
income, as a result of direct and indirect employment effects, purchase 
goods and services, such as groceries and healthcare. 

                                                           
1 IMPLAN is computer-driven system of software and data commonly used to perform 

input-output based economic impact analyses. 
2 All job impacts are converted to equivalent annual full-time jobs for reporting purposes. 
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Project Construction 
Table 2-1 summarizes the estimated annual employment (equivalent annual 
full-time jobs) effects of project construction for the Sacramento and San 
Joaquin river basins, for the 2012 CVFPP SSIA low and high construction 
expenditure estimates. These values are annual statistics computed by 
IMPLAN, based on a 20-year construction period. The total employment 
effect for each basin is the sum of the direct, indirect, and induced 
employment effects for SSIA construction activities. Table 2-1 shows that 
the Sacramento River Basin would experience greater total employment 
effects than the San Joaquin River Basin. This is because of the larger 
magnitude of SSIA investments in the Sacramento River Basin compared 
to the San Joaquin River Basin, which is commensurate with population 
and assets at risk in each basin. 

Table 2-1.  Summary of Annual SSIA Project Construction1 
(20-Year Period) Employment Effects (Jobs per Year) 2, 3– Low and 
High Construction Expenditure Estimates 

Employment 
Effects 

Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Low High Low High Low High 
Direct Employment 2,527 3,052 429 537 2,955 3,588 

Indirect Employment 736 888 119 149 855 1,037 

Induced Employment 1,311 1,582 204 256 1,515 1,838 

Total Employment 4,573 5,522 752 942 5,326 6,463 
Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program projects 
under construction. 
2  Annual SSIA project construction employment effects are temporary and limited to 20-year 
construction period, and are based on the low and high project construction cost estimates of $13.9 
billion and $16.9 billion (2011 dollars), respectively. Construction expenditures were uniformly distributed 
over the 20-year construction period. 
3  All jobs are converted to equivalent annual full-time jobs for reporting purposes. 

2.1.1 Avoided Business Losses 
Table 2-2 summarizes the estimated annual employment (equivalent annual 
full-time jobs) effects of avoided business losses for the Sacramento and 
San Joaquin river basins, for the 2012 CVFPP SSIA. Business losses are 
based on expected annual statistics computed by Hydrologic Engineering 
Center Flood Damage Reduction Analysis software (HEC-FDA), and 
IMPLAN. The total employment effect for each basin is the sum of the 
direct, indirect, and induced employment effects for that basin’s constituent 
impact areas related to avoided business losses expected with flood 
management improvements under the SSIA.  Table 2-2 shows that the 
Sacramento River Basin would experience greater total employment effects 
than the San Joaquin River Basin. This is because of the larger magnitude 
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of assets at risk in the Sacramento River Basin compared to the San 
Joaquin River Basin. 

Table 2-2.  Summary of Expected Annual (Long-Term Average) SSIA 
Avoided Business Loss Employment Effects (Jobs per Year) 1, 2 

Employment Effects Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Direct Employment 558 6 564 
Indirect Employment 69 1 70 

Induced Employment 246 2 248 
Total Employment 873 9 882 
Notes: 
1  Expected annual SSIA avoided business loss employment effects represent temporary 
effects in a given year based on the long-term average of avoided business losses 
originating from probable flood events. A 500-year flood event in a given year would likely 
result in substantially more employment effects than displayed here, while a 10-year flood 
event would likely result in fewer employment effects. 
2  All jobs are converted to equivalent annual full-time jobs for reporting purposes. 

2.2 Industry Output Effects of State Systemwide 
Investment Approach 

Annual industry output effects of the SSIA are estimated for project 
construction and avoided business losses for the Sacramento and San 
Joaquin river basins using IMPLAN. Industry output is the monetary value 
of goods and services produced in a region, which includes the value of 
intermediate inputs (i.e., goods and services) used in the production process 
and value added. The change in total industry output for each basin is the 
sum of the direct, indirect, and induced output effects, which are defined 
as: 

• Direct output effects: industry output created in industry sector(s) of 
initial spending as a result of initial spending.  

• Indirect output effects: industry output created as a result of purchases 
of goods, services, energy, and labor from supporting industries by the 
industry sector(s) where initial spending occurred. 

• Induced output effects: industry output created when households see 
increased income as a result of direct and indirect employment creation, 
purchase goods and services, such as groceries and healthcare. 
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2.2.1 Project Construction 
Table 2-3 summarizes the estimated annual output effects of project 
construction for the Sacramento and San Joaquin river basins for the 2012 
CVFPP SSIA low and high construction expenditure estimates. These 
values are annual statistics computed by IMPLAN. The total output effect 
for each basin is the sum of the direct, indirect, and induced output effects 
for SSIA construction activities. The Sacramento River Basin would 
experience greater total economic output than the San Joaquin River Basin. 
This is because of the larger magnitude of SSIA investments in the 
Sacramento River Basin compared to the San Joaquin River Basin, 
commensurate with population and assets at risk in each basin. 

Table 2-3.  Summary of Annual SSIA Project Construction1 
(20-Year Period) Industry Output Effects (2011 Dollars, Million per 
Year)2 – Low and High Construction Expenditure Estimates 

Industry 
Output 
Effects 

Sacramento River  
Basin 

San Joaquin River  
Basin 

Total 

Low High Low High Low High 
Direct Effect $379 $458 $62 $78 $441 $535 

Indirect Effect $101 $122 $15 $19 $116 $141 

Induced Effect $167 $202 $24 $30 $191 $232 

Total Effect $647 $781 $101 $127 $748 $908 
Note: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program 
projects under construction. 
2  Annual SSIA project construction industry output effects are temporary and limited to 20-year 
construction period, and are based on the low and high project construction cost estimates of $13.9 
billion and $16.9 billion, respectively. Construction expenditures were uniformly distributed over the 
20-year construction period. 

2.2.2 Avoided Business Losses 
Table 2-4 summarizes the estimated annual output effects of avoided 
business losses for the Sacramento and San Joaquin river basins, for the 
2012 CVFPP SSIA. These values are based on expected annual statistics 
computed by HEC-FDA and IMPLAN. The total output effect for each 
basin is the sum of the direct, indirect, and induced output effects for that 
basin’s constituent impact areas related to avoided business losses expected 
with flood management improvements and the SSIA. The Sacramento 
River Basin would experience greater total economic output than the San 
Joaquin River Basin. This is because of the larger magnitude of assets at 
risk in the Sacramento River Basin compared to the San Joaquin River 
Basin. 
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Table 2-4.  Summary of Expected Annual (Long-Term Average) SSIA 
Avoided Business Loss Industry Output Effects (2011 Dollars, 
Million per Year) 1 

Industry Output Effects Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Direct Effect $61 $0.64 $62  
Indirect Effect $10 $0.12 $10  
Induced Effect $32 $0.26 $32  
Total Effect $103 $1.03 $104  
Note: 
1  Expected annual SSIA avoided business loss industry output effects represent temporary 
effects in a given year based on the long-term average of avoided business losses 
originating from probable flood events. A 500-year flood event in a given year would likely 
result in substantially more employment effects than displayed here, while a 10-year flood 
event would likely result in fewer employment effects. 
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3.0 Methodology 
This regional economic impact analysis estimates the effects of the 
proposed flood management improvements on regional economic activity, 
specifically employment and industry output. This section describes the 
regional economic impact analysis methodology and its application to the 
2012 CVFPP, which was guided by the following documents: 

• DWR. 2008. Economic Analysis Guidebook 

• U.S. Army Corp of Engineers (USACE). 1983. Economic and 
Environmental Principles and Guidelines for Water and Related Land 
Resources Implementation Studies 

• USACE. 2000. Planning Guidance Notebook 

• USACE. 2011. Regional Economic Development Procedures 
Handbook 

3.1 Economic Impact Analysis with Input-Output 
Modeling 

Various approaches have historically been used to assess the effect a 
change in production or expenditure will have on a region’s economy.  The 
most common approach has arguably been the use of input-output (I-O) 
models.  The use of I-O models in economic impact analyses has increased 
dramatically with the advent of ready-made regional models.  Ready-made 
models reduce both the time and cost of using I-O models for economic 
input assessment. 

3.1.1 Concept 
I-O analysis represents a means of measuring the flow of commodities and 
services among industries, institutions, and final consumers within an 
economy (or study area). An I-O model uses a matrix representation of a 
region’s economy to predict the effect that changes in one industry will 
have on others as well as consumers, government, and foreign suppliers in 
the economy.  I-O models capture all monetary market transactions in an 
economy, accounting for inter-industry linkages and availability of 
regionally produced goods and services. The resulting mathematical 
formulas allow I-O models to simulate or predict the economic impacts of a 

http://en.wikipedia.org/wiki/Matrix_(mathematics)
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change in one or several economic activities on an entire economy. It is a 
static, linear model of all purchases and sales, or linkages, between sectors 
of an economy. 

The measurement of linkages within a regional economy is based on the 
concept of a multiplier. A multiplier is a single number that quantifies the 
total economic effect resulting from initial spending, or output in a sector. 
For example, an output multiplier of 1.7 for the “widget” production sector 
indicates that every $100,000 of widgets produced (the initial spending, or 
output in this industry) supports a total of $170,000 in business sales 
throughout the economy (total output of all linked industries), including the 
initial $100,000 in widget output. Many types of multipliers can be 
produced by an I-O model, including specific multipliers for estimating 
impacts on industry output, employment, and value added – the main 
metrics of I-O analysis results. Each of these metrics is defined and 
described below. 

• Industry output is the value of goods and services produced in a 
region, which includes the value of intermediate inputs (i.e., goods and 
services) used in the production process and value added. Intermediate 
inputs may or may not originate from a region. For example, direct 
industry output for construction refers to the value of construction, 
although some of the intermediate inputs used in the construction 
process may be imported into the region. 

• Value added is the difference between industry output and the cost of 
intermediate inputs, and consists of four components (1) employee 
compensation, (2) proprietor income, (3) other property income, and 
(4) indirect business tax. Labor income represents the sum of employee 
compensation and proprietor income. 

• Employment is measured by the number of equivalent annual full-time 
jobs. One annual job is equivalent to one person being employed during 
a single year. One person being employed for 5 years is equal to five 
equivalent annual full-time jobs. Estimated changes in employment are 
tied to economic relationships between industry output and labor 
productivity, regardless of availability and fluidity in the local labor 
force. 

Components of industry output are displayed in Figure 3-1. 



 3.0 Methodology 

January 2012 3-3 
Public Draft 

Industry Output

Value AddedIntermediate 
Inputs

Indirect 
Business Tax

Other Property 
IncomeLabor Income

Employee 
Compensation

Proprietor 
Income+

+ +

+

 
Figure 3-1.  Components of Industry Output 

3.1.2 I-O Modeling Limitations 
While I-O models are useful in providing ballpark estimates of very short-
run responses to changes in production/expenditures, their key limitations 
are linearity, absence of behavioral considerations, absence of markets and 
prices, and lack of formal constraints. 

The limitations of I-O models are also the key advantages of Computable 
General Equilibrium (CGE) modeling.  A CGE model is a nonlinear model 
of individual behavioral response to price signals, subject to labor, capital, 
and natural resources constraints (Rose, 2006). These advantages come 
with increased modeling complexity, much greater data needs, and time 
resources for operation.  Therefore, while the use of CGE modeling is 
increasing, resource and data constraints make its use impractical at the 
multi-region level, and the use of I-O modeling is a practical choice for a 
large study area. 

3.1.3 I-O Model Selection for 2012 CVFPP  
In the United States, the three most widely used ready-made models are the 
IMPLAN3 model initially produced by the U.S. Department of Agriculture 
Forest Service, the REMI model produced by Regional Economic Models 
Inc., and the RIMS II model developed by the U.S. Department of 
Commerce, Bureau of Economic Analysis (BEA). The REMI model is 
dynamic and the most flexible, but requires detailed data that are 
prohibitive for high-level systemwide assessments. RIMS II has a relatively 
less data requirement but is not as flexible, which limits its use for more 
detailed analysis over a long study period. Given the limitations of REMI 

                                                           
3 The current IMPLAN I-O database and model are maintained and sold by Minnesota 

IMPLAN Group (MIG Inc.). 
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and RIMS II, IMPLAN was selected to model regional economic effects 
associated with the SSIA. 

3.1.4 IMPLAN 
IMPLAN (a computer-driven system of software and data commonly used 
to perform I-O based economic impact analysis) regional multipliers were 
used to assess the regional economic impacts associated with the CVFPP. 
The economic data needed to construct the central I-O table are extracted 
from various sources generated by the Department of Commerce, the 
Bureau of Labor Statistics, and other federal and State agencies. 

Data are collected for 528 distinct industry sectors of the national economy, 
commonly known as North American Industry Classification (NAICS) 
(formerly Standard Industry Codes (SIC)). Industry sectors are classified 
on the basis of the primary commodity or service produced. National data 
are de-aggregated to produce data sets for each county in the United States, 
allowing analysis at the county level and for geographic aggregations such 
as clusters of contiguous counties, states, or groups of states. 

IMPLAN predicts changes in industry output, value added, and 
employment as direct, indirect, and induced economic effects for affected 
industries within the study area, where: 

Total Effects = Direct Effects + Indirect Effects + Induced Effects 

• Direct Economic Effects refer to the response of a given industry (i.e., 
changes in output, income, and employment) based on final demand for 
that industry. 

• Indirect Effects refer to changes in output, income, and employment 
resulting from the iterations of industries purchasing from other 
industries caused by the direct economic effects. 

• Induced Economic Effects refer to changes in output, income, and 
employment caused by the expenditures associated with changes in 
household income generated by direct and indirect economic effects. 

For this study, the 2009 California State IMPLAN dataset was used in the 
analysis, and no adjustments were made to the regional data (Minnesota 
IMPLAN Group, 2009). 
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3.2 Regional Economic Analysis for the 2012 
CVFPP 

The regional economic analysis for the 2012 CVFPP is focused on the 
effects of the SSIA. The SSIA is likely to affect the regional economy in 
two primary ways: (1) proposed flood management improvement will 
reduce business losses, and (2) improvements to flood protection facilities 
will introduce construction expenditure in the regional economy. 

Most of these regional economic effects resulting from the implementation 
of the SSIA will occur within the counties (shown in Table 3-1) where the 
impact areas targeted by the proposed flood management improvements are 
located. These impact areas are the HEC-FDA zones used to estimate direct 
flood damages, which is documented in Attachment 8F: Flood Damage 
Analysis. The affected counties are grouped into four impact analysis 
regions based primarily on the location of major urban centers and county 
boundaries (see Figure 3-2). The four impact analysis regions are: Upper 
Sacramento, Lower Sacramento, Lower San Joaquin, and Upper San 
Joaquin. 

Specific I-O regional economic models were developed within IMPLAN to 
assess regional economic impacts associated with each of these four 
regions to assess effects of the avoided business losses under the SSIA, and 
project construction expenditure. For each region, IMPLAN estimates 
direct, indirect, and induced employment (equivalent annual full-time jobs) 
and industry output (2011 dollars) impacts expected with implementation 
of the SSIA. 

Figure 3-3 displays the relationship of flood damage analyses and the 
project construction cost estimate to this regional economic impact 
analysis. Flood damage analysis estimates structure and content damage, 
agricultural crop damages, and business income loss (documented in 
Attachment 8F: Flood Damage Analysis), and life loss potential 
(documented in Attachment 8G: Life Risk Analysis). SSIA construction 
costs are detailed in Attachment 8J: Designs and Costs. Expected annual 
avoided business losses were used in this analysis to estimate regional 
economic effects of the SSIA. Regional economic effects related to 
structure and content damages, and agricultural production damages were 
not quantified in this analysis, as discussed below. Estimation of regional 
economic effects related to life loss potential is not in the scope of this 
analysis. 
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Table 3-1.  Regional Economic Analysis Regions, Counties, and 
Impact Areas 

Regional 
Economic Impact 
Analysis Regions 

Counties HEC-FDA* Impact Areas 

Upper 
Sacramento 

Tehama SAC-02 

Glenn SAC-03, SAC-04, SAC-06 

Butte SAC-01, SAC-05, SAC-20, SAC-18 

Colusa SAC-07, SAC-09, SAC-08, SAC-10 

Sutter SAC-11, SAC-21, SAC-22, SAC-24, SAC-25, SAC-
30, SAC-32, SAC-33, SAC-34 

Yuba SAC-23, SAC-26, SAC-27, SAC-28, SAC-29 

Lower 
Sacramento 

Yolo 
SAC-12, SAC-13, SAC-14, SAC-15, SAC-16, SAC-
17, SAC-35, SAC-38, SAC-39, SAC-41, SAC-42, 
SAC-43, SAC-46 

Sacramento 
SAC-36, SAC-37, SAC-40, SAC-44, SAC-45, SAC-
47, SAC-48, SAC-49, SAC-50, SAC-51, SAC-52, 
SAC-53, SAC-54, SAC-57, SAC-58, SAC-63 

Solano SAC-55, SAC-56, SAC-59, SAC-60, SAC-61, SAC-62 

Lower San 
Joaquin 

San 
Joaquin 

SJ-28, SJ-29, SJ-30, SJ-31, SJ-32, SJ-33, SJ-34, SJ-
35, SJ-36, SJ-37, SJ-38, SJ-39, SJ-40, SJ-41, SJ-42, 
STK-01, STK-06, STK-07, STK-08, STK-09 

Upper San 
Joaquin 

Stanislaus SJ-21, SJ-22, SJ-23, SJ-24, SJ-25, SJ-26, SJ-27, SJ-
43 

Merced SJ-09, SJ-10, SJ-14, SJ-15, SJ-16, SJ-17, SJ-18, SJ-
19, SJ-20 

Fresno SJ-01, SJ-02, SJ-03, SJ-04, SJ-07, SJ-08 

Madera SJ-05, SJ-06, SJ-11, SJ-12, SJ-13 
Note: 
*Hydrologic Engineering Center Flood Damage Reduction Analysis software program 
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Figure 3-2.  Regional Economic Impact Analysis Regions 
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Figure 3-3.  Economic Analysis Diagram
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3.3 Economic Effects of Project Construction 

Preliminary construction cost estimates for the SSIA have been completed 
for the CVFPP, and documented in Attachment 8J: Designs and Costs. 
Construction expenditures related to the SSIA are expected to take place 
over 20 years. Construction expenditures will primarily and most directly 
benefit each regional economic impact analysis region’s construction 
sectors. The magnitude of the project’s economic impact, within a region, 
is determined by (1) out-of-region investment; (2) the proportion of the 
work performed and the resulting labor, equipment, and materials that 
originate from within each region. Spending is assumed to benefit the 
businesses and residents in the region where the spending occurs if funding 
is from outside the region. It is likely that some direct spending could “leak 
out” of the region and be used to acquire labor, equipment, or materials 
from another region, thus benefiting the economy in that other region. For 
this analysis, it is assumed that such leakages are insignificant. 

In addition, direct spending will generate indirect and induced economic 
impacts on other sectors of the region’s economy. The nature of out-of-
region investment; direct, indirect, and induced economic effects; and the 
approach used to quantify each effect and their magnitude are discussed 
below. 

3.3.1 Out-of-Region Investment 
Development of the SSIA will require substantial capital investment costs 
both during the construction period and over the project’s subsequent life 
and repayment period. The origin of the funding for both the capital 
investment and subsequent repayment will affect the extent that future 
construction and operation of the SSIA project will represent net new 
spending to the region. SSIA implementation projects assumed the local or 
regional funded share of the construction cost would be approximately 8 
percent, with the State and federal government paying for the remaining 46 
and 46 percent, respectively. This cost share was used in the analysis. 

Construction paid for by the local or regional cost share would not 
represent any net new economic activity for the region since there would be 
a corresponding and likely offsetting decrease in economic activity. The 
positive effects of local increased spending to the region’s construction 
sector will be offset by reduced spending elsewhere within the local 
economy that would otherwise have occurred if that money was not used 
for SSIA project construction. However, the out of region, State and 
federally funded portions of the project’s construction cost would represent 
new spending and income for the region’s economy. 
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3.3.2 Direct Impacts 
The SSIA cost estimate, provided in Attachment 8J: Designs and Costs, 
includes two types of costs, (1) “field” costs (i.e., onsite construction 
spending) and, (2) “non-field costs” (i.e., “soft” costs for offsite project 
development and implementation as well as project-related land and 
mitigation costs). Both types of costs are evenly distributed over a 20-year 
construction period by region. The annualized construction cost estimates 
(by region) were used in IMPLAN to determine the direct, indirect, and 
induced economic effects of the project construction activity on 
employment and output. 

The initial direct spending in a region related to each of these types of costs 
is considered the direct economic impact, which has employment and 
output effects tied to it. The source of funding for project construction costs 
has key importance in determining the magnitude of economic impacts. 

Field Costs  
The project’s field costs can be expected to represent a major direct 
regional economic effect of the project construction. Field costs consist of 
onsite construction expenditures for materials, equipment, and labor. 

For the purposes of this regional economic impact analysis it is assumed 
that all of the project’s field cost spending will be performed with material, 
equipment, and labor sourced from within the same region that the 
construction activity is located. In other words, the regional economic 
impact analysis assumes that there is no significant leakage of field cost 
construction-related spending out of each region’s economy. Full field-
costs in each regional economic impact analysis region are considered 
direct new spending, before consideration of out-of-region investment. 

This assumption is considered practical for several reasons. First, the nature 
of the levee construction and improvement work is relatively 
straightforward and would not require skills, materials, or equipment that 
would necessarily need to be imported from outside the county-based 
regional economic impact analysis regions. Second, each of the county-
based regional economic impact analysis regions is relatively large and 
therefore expected to have sufficient quantities of construction labor, 
materials, and equipment to meet the project’s needs. 
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Field- costs for labor, materials and equipment were input into the  
three – digit NAICS4 aggregated IMPLAN sector Construction (IMPLAN 
Code 34), as this sector was determined to be most representative of the 
construction work necessary for the flood management improvement and 
environmental mitigation work. 

Non-Field Costs 
In addition to the project’s field cost, non-field costs are expected to also 
contribute new economic activity to the regions’ economies. Non-field 
costs include the various technical work necessary for project design and 
construction (i.e., legal services, environmental compliance, engineering, 
design, and construction management). Most of this technical work can be 
performed off site and, given the SSIA’s magnitude and complexity, will 
require specialized technical skills. Environmental mitigation, cultural 
resource mitigation, and land acquisition or easement right-of-way 
purchases are also considered non-field costs for the SSIA cost estimate, 
and were dealt with differently from legal service, environmental 
compliance, engineering, design, and construction management costs. 

As most of the technical work for non-field costs for legal services, 
environmental compliance, engineering, design, and construction 
management can be performed off site and requires specialized technical 
skills, it is likely that not all non-field-cost-related spending would occur in 
each regional economic impact analysis region. Consequently, it is 
assumed that approximately half of this technical work would likely be 
performed by government agencies or private firms located outside the 
region, or leaked to areas outside the four regional economic impact 
analysis regions. The other half is assumed to be performed by the 
specialized government agencies and private businesses located near the 
California State Capitol, Sacramento, and within the Lower Sacramento 
regional economic impact region. Half of non-field costs for legal services, 
environmental compliance, engineering, design, and construction 
management expected for each regional economic impact analysis region 
are attributed as the direct effect to the Lower Sacramento regional 
economic impact region. 

A portion of the environmental mitigation-related spending may occur 
within each regional economic impact analysis region. Land improvements 
are expected for environmental mitigation that will likely involve similar 
construction activities as those necessary for levee improvements and 
setbacks. For this reason, half of environmental mitigation costs were 
                                                           
4 NAICS is the North American Industry Classification System and is the standard used by 

federal statistical agencies in classifying business establishments for the purpose of 
collecting, analyzing, and publishing statistical data related to the U.S. business 
economy. 
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assumed to be treated as field costs, and as a direct effect to occur within 
the regional economic impact analysis region that the environmental 
mitigation takes place. 

Cultural resource mitigation costs likely require specialized skills and are 
small in proportion of the overall SSIA cost estimate for each regional 
economic impact analysis region. Considering the small magnitude of the 
cultural resource mitigation cost, no direct effect of cultural resource 
mitigation, or indirect and induced effects were quantified. 

Land acquisition and easement right-of-way purchases are other non-field 
cost items. Payments for land purchases or right of ways generally 
represent monetary reallocation that may or may not result in any new 
spending within the region. Payments to property owners living outside the 
region will be highly unlikely to increase their spending within the region. 
Even landowners living within the region may be likely to reinvest new 
income from any land or easement sales and consequently this would be a 
transfer within the region and not result in any substantial new spending 
within the region. Consequently, for the purposes of the regional economic 
impact analysis, it is conservatively assumed that none of the land 
acquisition and easement spending would result in direct regional economic 
impact effects. 

Project spending for non-field costs, or offsite construction-related 
spending (i.e., legal services, environmental compliance, engineering, 
design, and construction management), was attributed solely to the Lower 
Sacramento regional economic impact region and input into the three-digit 
NAICS aggregated IMPLAN sector, Professional, Scientific and 
Technological Services (IMPLAN Code 367). 

3.3.3 Indirect and Induced Impacts 
IMPLAN estimated the total regional economic response of SSIA project 
construction using the 2009 IMPLAN California counties dataset. A matrix 
representation of a region’s economy was used to predict the effect of 
changes in one industry on others (indirect effect) and changes in 
household income (induced effect) through multipliers, taking into account 
inter-industry linkages and leakages outside the region. Indirect and 
induced impacts of project construction on employment and output related 
to the SSIA were estimated. The results of the project construction analysis 
are presented in Section 4. 

http://en.wikipedia.org/wiki/Matrix_(mathematics)
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3.4 Economic Effects of Flood Damage 
Reduction  

Several types of potential direct flood-related economic impacts were 
estimated in Attachment 8F: Flood Damage Analysis, based on the known 
condition of the regions’ flood damage reduction facilities and expected 
conditions related to flood management improvements under the SSIA. 
Given the type and location of existing structures and agricultural 
commodities within the floodplain, and expected hydrological and physical 
factors, the extent and incidence of the future flood conditions were applied 
to determine: 

• Physical damages to structures and contents 

• Physical damages to agricultural production and commodities 

• Business income losses from flood-related operating disruptions 

In these three cases, the benefit of the project stems from the avoidance of 
each flood-related damage. Each of the above avoided direct flood-related 
damages may result in indirect and induced effects throughout each 
regional economy. 

For this regional economic impact analysis, indirect and induced economic 
effects were not quantified for avoided content and structure, and 
agricultural production damages, as well as avoided loss of life. These 
effects may be considered in future State basin-wide feasibility studies and  
to support regional planning activities. Only avoided potential business 
losses indirect, and induced effects on employment and output were 
quantified. Regional economic impacts associated with avoided potential 
structure and content damages, agricultural production and commodity 
damages, and loss of business production are described below. 

3.4.1 Avoided Structure and Content Damages 
Conceptually, assuming no flood insurance, estimated structural and 
content damages can also be viewed as an adverse income effect for those 
local households and other property owners incurring damages. The 
rationale is that flood damages can either be considered a reduction in net 
worth if property is not replaced or repaired, thereby affecting spending 
patterns; or, if property owners pay to repair or replace the damaged 
property, this increased property cost represents a net loss in discretionary 
income available to purchase new goods and services. This reduction in 
discretionary income, in turn, would have regional economic effects due to 
associated decreased spending in the local economy. 
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The adverse income effects described above cannot be considered distinctly 
from reconstruction efforts that would inject substantial money into the 
local economy. It is likely that most home and property owners would seek 
to reconstruct and/or replace their damaged items, such as automobiles, 
furniture, and business supplies. Expenditures on reconstruction efforts 
would induce significant spending in the local economy, thereby 
stimulating regional economic activity. Conceptually, these effects would 
serve to offset a portion of the adverse income effects described above. 
Further, if damages were covered by homeowner and other property 
insurance, then it is likely that new money from outside the region would 
be available to make repairs and replace damaged property, resulting in 
economic benefits to the region. 

In order to estimate regional economic effects of reconstruction and 
replacement, the extent of avoided reconstruction/replacement would be 
based on two key factors, listed below. For the 2012 CVFPP, available 
information did not support this detailed analysis. 

1. Insurance coverage and availability of public assistance to 
reconstruct damaged structures or replace contents – Spending of 
owners’ equity and /or future income for uninsured 
reconstruction/replacement is a transfer of spending between sectors in 
a regional economy and would result in no significant regional 
economic impacts. The insured, or eligible for public assistance, 
portion of the damages determines the proportion of spending to 
reconstruct/replace that will be paid for with new money coming into 
the region; therefore, resulting in a positive regional economic impact 
due to reconstruction/replacement after flooding. To determine the 
extent of reconstruction/replacement, it is necessary to estimate the 
portion of this spending originating from insurance coverage or public 
assistance. 

2. Portion of residents that are permanently displaced or that relocate 
out of the region – Residents that experience flood damages to their 
property may be permanently displaced or may choose to relocate out 
of the flood-prone region. If residents are permanently displaced or 
relocate out of the region, then reconstruction of structures and 
replacement of contents will not take place in the region in which the 
flood damages were experienced. To determine the extent of 
reconstruction/replacement, it is necessary to determine the portion of 
residents that are permanently displaced or that relocate out of the 
region. 

The estimation of the effect of avoided structure and content damages 
requires detailed information on these two factors in order to accurately 
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estimate the potentially offsetting nature of these damage and 
reconstruction and replacement effects. For the 2012 CVFPP, available 
information did not support this detailed analysis. These analyses may be 
completed for future State basin-wide feasibility studies to support regional 
planning activities. 

3.4.2 Avoided Agricultural Production and Commodity 
Damages 

Avoided agricultural production and commodity damages, which represent 
an avoided loss of agricultural output within a region, are a direct economic 
effect to the region. This direct economic effect in agricultural production 
has a multiplier effect throughout the regional economy impacting jobs and 
output in other related processing and transportation sectors. This analysis 
did not estimate the regional effects of the agricultural production damages, 
because the value of avoided potential damages in the agricultural sector is 
small relative to potential structural and content damages and business 
losses. 

3.4.3 Avoided Loss of Business Production 
The focus of the quantitative component of the regional economic impact 
analysis for flood damage reduction is on the potential regional economic 
losses associated with decreased business activity caused by flooding. 
Flooding in the Central Valley region would force some local businesses 
located in the floodplain to temporarily or permanently close, resulting in a 
decline in business production, which would have adverse ripple effects 
throughout the regional economy. No permanent business closures were 
considered in this analysis because detailed information and analyses to 
understand the proportion of businesses to permanently close were not 
available. The avoided business losses are based on estimated periods of 
business interruption as a result of flooding, and relationships between 
these businesses and total economic production in the study area. Business 
losses were estimated for each impact area and are documented in 
Attachment 8F: Flood Damage Analysis. 

Direct, indirect, and induced effects of avoided business losses were 
quantified using IMPLAN, based on the distribution of business losses 
among business types. This analysis was conducted by identifying losses to 
specific sectors of the economy and using IMPLAN to estimate how those 
losses impact the rest of the regional economy. 

Direct Impacts 
To estimate the direct impact of avoided business losses related to the 
SSIA, avoided business losses were aggregated by regional economic 
impact analysis region and input into each regional IMPLAN model as 
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local direct industry effects, based on the estimated distribution of business 
losses. Regional avoided business losses were input into IMPLAN sectors 
based on estimated proportions of expected annual business losses for each 
of three-digit NAICS aggregated IMPLAN sectors. These proportions are 
listed in Table 3-2, and were developed by assessing the distribution of 
business losses for five flood frequencies (i.e. 10-, 50-, 100-, 200, and 500-
year events) for the Sacramento and San Joaquin river basins separately. 

Table 3-2.  Proportions of Avoided Business Loss for Aggregated 
IMPLAN Economic Sectors 

Three-Digit NAICS1 
Aggregated Sectors 

IMPLAN 
Code 

Flood Damage 
Analysis 

Occupancy 
Type(s) 

Description2 

Lower & 
Upper 

Sacramento 
Regions 

Lower & 
Upper San 

Joaquin 
Regions 

Government and Non-
NAICS  427 

Government and 
Miscellaneous 

Public Structures 
40% 20% 

Professional – Scientific & 
Technical Services  367 Office Structures 25% 35% 

Electrical Equipment and 
Appliances  259 Light Industrial 

Structures 15% 25% 

Miscellaneous Retailers  330 
Retail and 

Miscellaneous 
Structures 

5% 5% 

Repair and Maintenance  414 Auto Service 
Structures 5% 5% 

Warehousing and Storage  340 

Warehouse and 
Miscellaneous 

Industrial 
Structures 

5% - 

Fabricated Metal 
Production  181 

Heavy 
Manufacturing 

Structures 
5% 5% 

Food Services and 
Drinking Places 413 

Restaurant and 
Fast Food 
Restaurant 
Structures 

- 5% 

TOTAL 100% 100% 

Notes: 
1  NAICS is the North American Industry Classification System and is the standard used by federal 
statistical agencies in classifying business establishments for the purpose of collecting, analyzing, and 
publishing statistical data related to the U.S. business economy. 
2  Business losses were estimated for non-residential structures. The occupancy type(s) descriptions 
listed here represent the type of commercial, industrial, and public structures that expected business 
losses were estimated for. See Attachment 8F: Flood Damage Analysis for details.  

Indirect and Induced Impacts 
The total regional economic effects of avoided business production losses 
under the SSIA were estimated using the 2009 IMPLAN California 
counties dataset. A matrix representation of a region’s economy was used 
to predict the effect of changes in one industry on others (indirect effect) 
and changes in household income (induced effect) through multipliers. 

http://en.wikipedia.org/wiki/Matrix_(mathematics)
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Indirect and induced impacts of avoided business losses on employment 
and industry output related to the SSIA were estimated and presented in 
Section 4. 

3.5 Other Potential Regional Economic Impact 
Effects 

In addition to effects associated with project construction and avoided 
business losses, numerous other regional economic effects will occur (e.g., 
property values, fiscal impacts on municipalities, and regional economic 
competitiveness and diversity). However, these effects are only described 
qualitatively in this attachment because of the limitation of available 
information to support these detailed analyses. In addition, some of these 
effects have relatively minor magnitude of effects compared to project 
construction and avoided business losses. These other effects are discussed 
in Section 5. 
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4.0 Results and Discussion 
This section presents the results of the regional economic impact analysis 
for the SSIA. The regional economic impact results are organized into two 
components, corresponding to unique economic effects anticipated under 
the SSIA: (1) effects of project construction expenditure, and (2) avoided 
business losses. 

4.1 Economic Effects of Project Construction 

Implementation of the proposed SSIA would result in substantial 
construction-related expenditures and generate demand for construction 
labor and support services, which would provide temporary short-term 
benefits to each regional economy. Expenditures on construction goods, 
materials, and equipment that are made within a region would generate 
additional economic benefits as spending ripples through the local 
economy via inter-industry linkages. In addition, SSIA project 
implementation would support a substantial construction labor force hired 
to physically construct projects in each region, as well as a professional and 
technical labor force, to provide design, construction management, and 
oversight services. 

4.1.1 SSIA Construction Cost Estimates 
The estimated total cost for the SSIA is approximately $13.9 billion to 
$16.9 billion (2011 dollars), documented in Attachment 8J: Designs and 
Costs. Of this total, it is estimated that $6.7 billion to $8.1 billion would be 
for field costs and $7.3 billion to $8.8 billion for non-field costs. 
Implementation of the SSIA is expected to take place over a 20-year 
construction period. These construction parameters represent the direct 
project construction effects of the SSIA. IMPLAN was used to generate 
annual estimates of the regions’ economic responses to proposed 
construction activities. 

The total direct effects of project construction were translated into uniform 
annual values across the 20-year construction period for each region. The 
estimated annual values for the low and high estimates represent the direct 
inputs into each IMPLAN model developed for Lower and Upper 
Sacramento and Lower and Upper San Joaquin regional economic impact 
analysis regions. Table 4-1 displays low and high estimates total 
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construction costs, and related annual field and non-field cost inputs into 
IMPLAN by region. 

Table 4-1.  SSIA Project Construction Expenditure1 (2011 
Dollar, Millions) and Annual2 (20-Year Period) IMPLAN Inputs – 
Low and High Construction Expenditure Estimates 

Regional 
Economic 

Impact Analysis 
Regions 

Low and 
High 

Construction 
Expenditure 

Estimate 

Construction Activity Costs 

Total 
Cost3 

Annual 
Field 
Cost 

Annual 
Non-Field4 

Cost 

Upper 
Sacramento 

Low $4,380 $109 $ - 

High $5,350 $133 $ - 

Lower 
Sacramento 

Low $7,160 $193 $77 

High $8,560 $230 $94 

Lower San 
Joaquin 

Low $1,310 $29 $ - 

High $1,670 $38 $ - 

Upper San 
Joaquin 

Low $1,080 $33 $ - 

High $1,330 $40 $ - 

Total Regional 
Economic 

Impact Study 
Area 

Low $13,930 $364 $77 

High $16,910 $441 $94 

Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation 
Program projects under construction. 
2  Annual field and non-field costs are evenly distributed over the 20-year construction 
period and represent new money to each region based on the State and federal cost share, 
with 8 percent locally funded construction costs excluded. 
 3  Total cost is the basis for annualized field and non-field costs and are not direct inputs 
into IMPLAN. 
4  Non-field costs, or costs for professional and technical services, were assumed to 
primarily be spent in the Lower Sacramento region due to concentration of professional, 
technical, and government services within the region and assumed capacity to meet 
construction activity demand relative to other regional economic impact analysis regions. 

4.1.2 Employment and Industry Output Effects  
A summary of the regional economic impacts of project construction is 
presented in Table 4-2. The values reported for industry output, value-
added, and labor income represent monetary impacts and are reported in 
2011 dollars. Because output incorporates the value of goods and materials 
used in the production process, it does not reflect the net economic value to 
the region. More pertinent to each region is the value added by local 
workers and businesses in the form of labor earnings, other property 
income, and indirect business taxes. Employment impacts represent the 
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change in the number of equivalent annual full-time jobs in each region. 
Figures 4-1 and 4-2 display employment and industry output effects, by 
regional economic impact analysis region, for the high construction 
expenditure estimate. Table 4-3 displays total industry output effects for the 
high and low construction expenditure estimates as a percentage of total 
regional output by region. 

The results of the regional economic analysis show positive economic 
impacts for each region during project construction. During construction, 
the industries that would primarily benefit from construction activities 
would be the local construction industry, as well as those industries 
providing construction goods and materials. Construction suppliers, such as 
building stores, concrete/cement plants, and heavy equipment 
manufacturing, would realize many of the indirect construction benefits 
generated by the project. Purchases by local workers would also generate 
induced benefits to local retailers, such as gas stations, food stores, 
restaurants, and hotels/motels. 
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Table 4-2.  Summary of Annual SSIA Project Construction1, 2 (20-Year Period) Employment and 
Industry Output (2011 Dollars, Million per Year) Effects – Low and High Construction 
Expenditure Estimates 

Regional 
Economic 

Impact 
Analysis 
Regions 

Economic 
Effect 

Employment Industry Output6 

Jobs3 Labor Income4 Value Added5 Total Output 
Low High Low High Low High Low High 

Upper 
Sacramento 

Direct Effect 764 933  $44  $54  $52  $63  $109  $133  
Indirect Effect 189 230  $9  $10  $13  $16  $22  $27  
Induced Effect 311 380  $13  $16  $22  $27  $36  $44  
Total Effect 1,263 1,543  $65  $80  $87  $107  $167  $204  

Lower 
Sacramento 

Direct Effect 1,763 2,119  $127  $152  $148  $178  $270  $324  
Indirect Effect 547  658  $30  $37  $47  $57  $79  $95  
Induced Effect 1,000 1,202  $48  $58  $85  $102  $131  $158  
Total Effect 3,310 3,978  $205  $247  $280  $337  $480  $577  

Lower San 
Joaquin 

Direct Effect 199 254  $12  $15  $14  $18  $29  $38  
Indirect Effect 54 69  $3  $3  $4  $5  $7  $9  
Induced Effect 98 125  $4  $5  $7  $9  $12  $15  
Total Effect 352 448  $19  $24  $26  $33  $48  $61  

Upper San 
Joaquin 

Direct Effect 230 283  $13  $16  $16  $19  $33  $40  
Indirect Effect 65 80  $3  $4  $5  $6  $8  $10  
Induced Effect 106 130  $4  $5  $8  $9  $12  $15  
Total Effect 401 494  $21  $25  $28  $35  $53  $65  

Regional 
Economic 

Impact Study 
Area 

Direct Effect 2,955 3,588  $196  $238  $230  $279  $441  $535  
Indirect Effect 855 1,037  $45  $54  $69  $84  $116  $141  
Induced Effect 1,515 1,838  $70  $84  $122  $148  $191  $232  
Total Effect 5,326 6,463  $310  $376  $421  $511  $748  $908  

Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program projects under construction. 
2  Annual SSIA project construction industry employment and output effects are temporary and limited to 20-year construction period. 
3  Jobs are equivalent annual full-time jobs. One annual job is equivalent to one person being employed during a single year. One 
person being employed for 5 years is equal to five equivalent annual full-time jobs. 
4  Labor income represents the sum of employment income, including employee compensation (wages and benefits), and proprietor 
income. 
5  Value added is the difference between industry total output and the cost of intermediate inputs, and consists of four components – 
employee compensation, proprietor income, other property income, and indirect business tax. 
6  Output represents the total value of industry production. 
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Figure 4-1.  Annual Employment Effects of SSIA Project Construction 
Expenditure – High Estimate (20-Year Period) 

 
Figure 4-2.  Annual Industry Output (2011 Dollars, Million per Year) 
Effects of SSIA Project Construction Expenditure – High Estimate 
(20-Year Period) 
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Table 4-3.  Summary of Annual SSIA Project Construction1 Industry Output Total Effect2 
as Percentage of Total Regional Output3 – Low and High Construction Expenditure 
Estimates (2011 Dollars, Million per Year) 

Regional 
Economic 

Impact 
Analysis 
Regions 

Low High 
Construction 
Expenditure  
Output Effect 
(Total Effect2) 

Percentage of 
Total Regional 

Output3 

Construction 
Expenditure  

Output Effect 
(Total Effect2) 

Percentage of 
Total Regional 

Output3 

Upper 
Sacramento $167 0.66% $204 0.80% 

Lower 
Sacramento $480 0.34% $577 0.41% 

Lower San 
Joaquin $48 0.13% $61 0.16% 

Upper San 
Joaquin $53 0.05% $65 0.06% 

Regional 
Economic Impact 

Study Area 
$748 0.24% $908 0.29% 

Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program projects under 
construction. 
2  Total effect is the sum of direct, indirect, and induced effects. 
3  Total regional output is based on 2009 California county IMPLAN dataset. 

4.2 Economic Effects of Avoided Business 
Interruption 

Flooding in commercial and industrial areas, as well as government 
centers, would force businesses to temporarily (and possibly permanently) 
discontinue operations. At a minimum, businesses would not be able to 
operate until structures have been dewatered, and health and safety 
inspections allow normal business operations to resume. The resumption of 
business activity would also be tied to the return of households to the local 
area, particularly for retail and other population-serving industries. 

4.2.1 Annual Expected Avoided Business Loss 
From a regional perspective, not all business production subject to flooding 
would be lost. Some portion of lost business production would simply be 
transferred to other parts of the study area; however, businesses that are not 
subject to flooding do not have unlimited capacity, and in fact, are limited 
by available labor and infrastructure. The analysis of potential business 
production impacts takes into account both business interruption and 
substitute production effects. A detailed description of the process and 
assumptions used to estimate direct business production impacts is outlined 
in Attachment 8F: Flood Damage Analysis. Table 4-4 displays avoided 
business losses by analysis region. 
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Table 4-4.  SSIA Expected Annual (Long-Term Average) Avoided 
Business Losses1, 2 (2011 Dollars, Million per Year) by Regional 
Economic Impact Analysis Regions 

Regional Economic 
Impact Analysis 

Regions 

Expected Annual 
Avoided Business 

Losses1 

Upper  
Sacramento $10.93 

Lower  
Sacramento $50.13 

Lower  
San Joaquin $0.60 

Upper  
San Joaquin $0.04 

Total Regional 
Economic Impact   

Study Area 
$61.70 

Note: 
1  Expected annual avoided business losses were estimated in 
Attachment 8F: Flood Damage Analysis by impact areas and were 
then aggregated by regional economic impact areas. 
2  Expected annual avoided business losses estimated in 
Attachment 8F: Flood Damage Analysis were adjusted to 2011 
price levels using Consumer Price Index: All Urban Consumers. 

4.2.2 Employment and Industry Output Effects 
A summary of the direct, indirect, and induced, regional economic impacts 
of avoided business losses is presented in Table 4-5. The values reported 
for industry output, value-added, and labor income represent monetary 
impacts and are reported in 2011 dollars. Because output incorporates the 
value of goods and materials used in the production process, it does not 
reflect the net economic value to the region. More pertinent to each region 
is the value added by local workers and businesses in the form of labor 
earnings, other property income, and indirect business taxes. Employment 
impacts represent the change in the number of equivalent annual full-time 
jobs in each region. Figures 4-3 and 4-4 display employment and industry 
output effects by each regional economic impact analysis region. 

The results of the regional economic analysis show positive economic 
impacts for each region related to avoided business losses. Industries 
located in the floodplain would be the most affected in terms of potential 
declines in business production associated with flood events. 

Table 4-5 displays total industry output effects as a percentage of total 
regional output by region. The largest avoided economic losses within the 
Lower and Upper Sacramento regional economic impact analysis regions 
are expected to occur in government and other non-NAICs industries. 
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Other prominently affected industries include professional and technical 
services and light manufacturing. 

Within the Lower and Upper San Joaquin regional economic impact 
analysis regions, the largest avoided economic losses are expected in light 
manufacturing. Other prominently affected industries include government 
and non-NAICs, and professional and technical services. 

Table 4-5.  Summary of Expected Annual (Long-Term Average) SSIA 
Avoided Business Loss Employment and Industry Output Effects (2011 
Dollars, Million per Year) 

Regional 
Economic 

Impact 
Analysis 
Regions 

Economic 
Effect 

Employment Industry Output4 

Jobs1 Labor 
Income2 Value Added3 Total Output 

Upper 
Sacramento 

Direct Effect 116 $6.01 $7.33 $10.93 
Indirect Effect 11 $0.49 $0.84 $1.40 
Induced Effect 38 $1.55 $2.72 $4.37 
Total Effect 164 $8.06 $10.89 $16.70 

Lower 
Sacramento 

Direct Effect 443 $29.91 $36.33 $50.13 
Indirect Effect 58 $3.25 $5.34 $8.63 
Induced Effect 208 $10.09 $17.64 $27.38 
Total Effect 709 $43.24 $59.31 $86.14 

Lower San 
Joaquin 

Direct Effect 5.4 $0.28 $0.36 $0.60 
Indirect Effect 0.8 $0.04 $0.07 $0.12 
Induced Effect 2.1 $0.09 $0.16 $0.25 
Total Effect 8.3 $0.40 $0.59 $0.97 

Upper San 
Joaquin 

Direct Effect 0.3 $0.02 $0.02 $0.04 
Indirect Effect 0.1 $0.00 $0.00 $0.01 
Induced Effect 0.1 $0.01 $0.01 $0.01 
Total Effect 0.5 $0.02 $0.04 $0.06 

Regional 
Economic 

Impact 
Study Area 

Direct Effect 564 $36.21 $44.04 $61.70 
Indirect Effect 70 $3.78 $6.26 $10.15 
Induced Effect 248 $11.74 $20.53 $32.01 
Total Effect 882 $51.73 $70.82 $103.86 

Notes: 
1  Jobs are equivalent annual full-time jobs. One annual job is equivalent to one person being employed during a 
single year. One person being employed for 5 years is equal to five equivalent annual full-time jobs. 
2  Labor income represents the sum of employment income, including employee compensation (wages and 
benefits), and proprietor income. 
3  Value added is the difference between industry total output and the cost of intermediate inputs, and consists 
of four components – employee compensation, proprietor income, other property income, and indirect business 
tax. 
4  Output represents the total value of industry production. 
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Figure 4-3.  Expected Annual (Long-Term Average) Employment 
Effects of SSIA Avoided Business Losses 

 
Figure 4-4.  Expected Annual (Long-Term Average) Industry Output 
(2011 Dollars, Million per Year) Effects of SSIA Avoided Business 
Losses 

116 

443 

8.3 0.5 

11 

58 

38 

208 

0

100

200

300

400

500

600

700

800

Upper
Sacramento

Lower
Sacramento

Lower San
Joaquin

Upper San
Joaquin

Em
pl

oy
m

en
t (

Jo
bs

) p
er

 Y
ea

r Induced Employment

Indirect Employment

Direct Employment

$11 

$50 

$0.97 $0.06 
$1 

$9 

$4 

$27 

$0

$10

$20

$30

$40

$50

$60

$70

$80

$90

$100

Upper SacramentoLower SacramentoLower San JoaquinUpper San Joaquin

20
11

 M
ill

io
n 

$ 
pe

r Y
ea

r Induced Output

Indirect Output

Direct Output



2012 Central Valley Flood Protection Plan 
Attachment 8H: Regional Economic Analysis 

4-10 January 2012 
 Public Draft 

Table 4-6.  Summary of Expected Annual (Long-Term 
Average) SSIA Avoided Business Loss Industry 
Output Total Effect1 as Percentage of Total Regional 
Output2 (2011 Dollars, Million per Year) 

Regional Economic 
Impact Analysis 

Regions 

Avoided Loss of  
Output 

(Total Effect1) 

Percentage 
of Total 

Regional 
Output2 

Upper 
Sacramento $16.70 0.06% 

Lower 
Sacramento $86.14 0.06% 

Lower San 
Joaquin $0.97 0.00% 

Upper San 
Joaquin $0.06 0.00% 

Regional Economic 
Impact Study Area $100.86 0.03% 

Notes: 
1  Total effect is the sum of direct, indirect, and induced effects. 
2  Total regional output is based on 2009 California county IMPLAN dataset. 

4.3 Assumptions and Limitations 

The results of the regional economic analysis are affected by technical 
considerations and modeling assumptions that include the following for 
employment effects, project construction, avoided business losses, and 
other economic effects not analyzed. 

4.3.1 Employment Effects 
Employment values are presented as equivalent annual full-time jobs, 
which are equivalent to one person being employed for a single year. 
Therefore, one person being employed for 5 years is equal to five 
equivalent annual full-time jobs. Estimated changes in employment are tied 
to economic relationships between industry output and labor productivity, 
regardless of availability and fluidity in the local labor force. In reality, 
hiring decisions are complex and typically take into account the duration of 
anticipated changes in production. Project construction and flooding are 
short-term events that may not necessarily result in hiring of new 
employees; instead, existing employee work patterns may be adjusted in 
response to fluctuations in demands. 

4.3.2 Project Construction 
Because the IMPLAN model is based on annual data, construction 
expenditures expected in each region were translated into annual values. 
Annual data were not developed based on project schedule and phasing, 
which reflect construction material, equipment, and labor requirements of 
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the SSIA over time. Rather, construction expenditures were uniformly 
distributed over the 20-year construction period. Consequently, annual 
construction expenditures based on project schedule and phasing may be 
different from the uniform distribution of annual expenditures. The 
implications of this is that in a given year throughout the 20-year 
construction period, employment and output effects may be higher or lower 
than those displayed here, based on the expected construction activities to 
take place in a given year. 

Project construction estimates include FloodSAFE Early Implementation 
Program projects that are under construction. Therefore, a portion of 
project construction employment and industry output effects may already 
be realized in regions where project construction has occurred. 

Project construction impacts are based on the estimate of current 
construction costs and were not adjusted to account for escalation of costs. 

Project construction will be funded by a mix of federal, State, and local 
funds. Project construction paid for with local funds will result in minimal 
if any net economic effects on the regional economy. This is because the 
positive effects of increased spending to the region’s construction sector 
will be offset by reduced spending elsewhere within the region’s economy. 
Consequently, it is project construction spending funded by federal and 
State funds that will contribute “new” money to the region’s economy. 
SSIA implementation projects assumed 46 percent, 46 percent, and 8 
percent of project construction costs to be funded by federal, State, and 
local funds, respectively. This cost share was used in this analysis. If the 
local cost share for project construction is lower or higher than 8 percent, 
employment and output effects would be lower or higher than those 
displayed here, respectively. 

4.3.3 Avoided Business Losses 
Avoided business loss impacts are expected annual effects and represent 
temporary effects in a given year, based on expected (long-term average) 
avoided business losses. A 500-year flood event in a given year would 
likely result in substantially more employment effects than displayed here, 
while a 10-year flood event would likely result in fewer employment 
effects, if any at all. Outlays for emergency services may help offset some 
portion of the adverse economic effects associated with business loss 
damages in a flood event. 

Business activities are tied to residents in a local area, particularly for retail 
and other population-serving industries. During a flood event it is likely 
that residents in a local area will temporarily, and potentially permanently, 
relocate from a flooded area, which would change the demand for business 
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goods and services. For this analysis, permanent relocations were not 
analyzed, nor their effects on demand for business related goods and 
services were considered. 

During a flood event, businesses would likely temporarily or permanently 
suspend business operations. Temporary business interruption is the basis 
for business losses estimated in Attachment 8F: Flood Damage Analysis, 
and the economic impacts displayed here. No permanent business closures 
were considered in this analysis because detailed information and analyses 
to understand the proportion of businesses to permanently close were not 
available. 

Not all business production subject to flooding would be lost. Some portion 
of lost business production would simply be transferred to other parts of the 
study area; however, businesses that are not subject to flooding do not have 
unlimited capacity, and in fact, are limited by available labor and 
infrastructure. The analysis of potential business production impacts takes 
into account substitute production effects. For more details, please see 
Attachment 8F: Flood Damage Analysis. 

Business loss insurance would offset some portion of the adverse economic 
effects associated with business loss damages in a flood event. No business 
loss insurance was considered in this analysis because detailed information 
and analyses to understand the proportion of businesses to receive business 
loss insurance and the value of coverage were not available. 

4.3.4 Other Economic Effects Not Analyzed 
Regional economic effects related to structure and content damages were 
not quantified in this analysis because detailed information and analyses to 
understand the potentially offsetting nature of flood damages and 
reconstruction and replacement effects were not available. 

This analysis did not estimate the regional economic effects of agricultural 
production damages because the value of avoided potential damages in the 
agricultural sector is small relative to potential structural and content 
damages and business losses. 

Regional economic effects related to transportation and energy disruptions, 
emergency services, and population displacement due to flooding were not 
analyzed. 

Regional economic effects of recreation disruptions during project 
construction were not analyzed. 
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5.0 Other Regional Economic 
Impact Effects 

This section describes other potential regional economic effects of the 
SSIA that were not quantified in Section 4. These effects include: 

• Property values 

• Fiscal impacts on municipalities 

• Regional economic competitiveness and diversity 

5.1 Property Value Impacts 

The values of inundated residential, commercial, and industrial properties 
would all be adversely affected by floods (residential, commercial, and 
industrial structures at risk of flooding are documented in Attachment 8F: 
Flood Damage Analysis). The immediate extent of lost value would depend 
on such factors as the level of inundation and the time required for 
dewatering. Property values would likely decline if flood damage forced 
permanent abandonment of the structures or otherwise caused significant 
damage. Future values would be based on the buyers’ willingness to pay 
for the properties, which would depend, in part, on flood damage reduction 
measures implemented following major flood events. Neither the 
diminution nor the future values of properties could be estimated for this 
study. 

5.2 Fiscal Impacts on Municipalities 

The fiscal effects of the SSIA on municipalities would be due to changes in 
sales tax, property tax, and income tax revenues, as well as the local 
government expenditures made during emergency responses during flood 
events. 

During construction, the SSIA would generate sales tax revenues attributed 
to the local purchase of construction goods, materials, and equipment 
subject to sales taxes. Sales taxes would also be augmented by local 
purchases made by construction workers and federal workers supported by 
project payrolls. Indirectly, businesses that supply construction goods and 
materials and serve the project labor force would also generate sales tax 



2012 Central Valley Flood Protection Plan 
Attachment 8H: Regional Economic Analysis 

5-2 January 2012 
 Public Draft 

revenues through inter-industry purchases and expenditures made to 
support standard business operations. The latter effects are captured in the 
estimates of indirect business taxes that are included in the estimated value 
added reported by IMPLAN (refer to Section 4). Other components of 
indirect business taxes captured in the IMPLAN results include excise 
taxes, property taxes, fees, and licenses paid by local businesses. Finally, 
project payrolls would generate State and federal income taxes paid by 
workers. Although most income taxes do not go directly to local 
municipalities, income tax revenues can provide local benefits through 
inter-governmental transfers of fiscal revenues. 

During and after flood events, both local sales and income tax revenues 
would likely decrease as a result of lost business production and reduced 
household spending. However, the primary fiscal effect on local 
governments would likely be a reduction in property tax revenues. In the 
short term, coinciding with the flood event and subsequent reconstruction 
efforts, the property tax base in the inundated region could be substantially 
reduced as a result of structural and property damages. Depending on the 
duration of reconstruction efforts, the assessed value of damaged properties 
may decline substantially, resulting in reductions in the locally assessed 
value of properties and corresponding effects on property tax revenues. 
These adverse tax effects would likely be temporary, lasting until 
reconstruction efforts are complete. Implementation of the SSIA would 
reduce the chance of flooding, therefore reducing these potential negative 
financial effects on municipalities. 

5.3 Regional Economic Competitiveness and 
Diversity 

In the short term, the floods considered for this study could potentially 
cause drastic losses of lives as well as property. In those events, and during 
the cleanup and restoration periods, the area would be less competitive than 
otherwise because of reduced outputs, employment, and income. In the 
long run, however, it is likely that businesses looking to move from other 
locations or deciding on whether to remain in each region would continue 
to analyze the factors most important for such decisions, such as proximity 
to markets, labor, and required raw materials, costs of electricity, natural 
gas, water, telephone services, transportation infrastructure, and taxes. 

In the short and long run, economic and industrial diversity in each region 
may adversely be affected by floods. If certain industries in the area are 
concentrated in the impact areas, many of those businesses are likely to 
close temporarily and potentially permanently. Consequently, the aggregate 
output of those businesses will decline in the near term. In the long term, 
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however, assuming those impacted businesses reopen, it is more likely that 
each region will continue to diversify. Available data, however, do not 
permit the estimation of those impacts. 
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7.0 Acronyms and Abbreviations 
BEA ........................... U.S. Department of Commerce Bureau of Economic 

Analysis 

Board ........................ Central Valley Flood Protection Board 

CGE .......................... Computable General Equilibrium 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

HEC-FDA .................. Hydrologic Engineering Center Flood Damage 
Reduction Analysis Software 

IMPLAN ..................... IMPact Analysis for PLANning 

I-O ............................. input-output 

NAICS ....................... North American Industry Classification 

SIC ............................ Standard Industry Codes 

SPFC ........................ State Plan of Flood Control 

SSIA .......................... State Systemwide Investment Approach 
  



2012 Central Valley Flood Protection Plan 
Attachment 8H: Regional Economic Analysis 

7-2 January 2012 
 Public Draft 

 

This page left blank intentionally. 
 



 

 

  



 

 

STATE OF CALIFORNIA 
THE NATURAL RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

 



Attachment 8I

Framework for Benefit Assessment





STATE OF 
THE NATUR
DEPARTME

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pub
 
 

2012 C

Atta
Asse
 

Febru
 

CALIFORNIA 
RAL RESOUR
ENT OF WATE

blic D

Central

chme
essm

uary 201

CES AGENCY
ER RESOURCE

raft 

l Valley

ent 8I:
ent 

12 
 

Y 
ES 

y Flood 

: Fram

Protec

mewo

ction Pl

ork for

lan 

r Bennefit 



 February 2012 
 Public Draft 

 

This page left blank intentionally. 
 



 

February 2
Public Dra

Table

1.0  Intro

1.1 
1.2 
1.1 
1.2 
1.3 
1.4 

2.0  Guid

2.1 
2.2 
2.3 
2.4 

2.5 

3.0  201

3.1 
3.2 
3.3 

4.0  Ben

4.1 

4.2 
4.3 

5.0  Ben

5.1 

5.2 

2012 
aft 

e of C

oduction ....

Purp

Back

CVF

2012

2012

Repo

delines and

Mon

Non

Tool

Cons

  1982.4.1

  Pro2.4.2
Gu

DWR

  Flo2.5.1

2 CVFPP B

Bene

Bene

Bene

nefits Quant

Impr
Injur

Red

Bene

nefits Qualit

Impr

  Re5.1.1

Red

  Re5.2.1

Conten

.................

pose of this

kground ....

FPP Plannin

2 CVFPP P

2 CVFPP P

ort Organiz

d Considera

etary Meth

monetary M

s for Multi-

sideration o

83 Federal 

oposed Fed
uidelines ....

R Potential 

ood Risk Ma

Benefit Ass

efit Catego

efit Assess

efit Catego

titatively As

roved Publi
ries and Los

uced Econo

efits to Loc

tatively Des

roved Publi

educed Rele

uced Econo

educed Live

nts 

.................

 Attachmen

.................

ng Areas ...

Planning Go

Planning Ap

zation ........

ations for B

ods of Ben

Methods of 

Benefit Ana

of Federal P

Principles 

deral Princi
.................

Systemwid

anagement

essment A

ries Consid

ment Appro

ries Not Co

ssessed for

c Health an
ss of Life ..

omic Flood

al and Reg

scribed for t

c Health an

ease of Haz

omic Flood

estock Loss

.................

nt ..............

.................

.................

oals ...........

pproaches .

.................

Benefit Asse

efit Valuatio

Benefit Val

alysis ........

Principles a

and Guidel

ples, Requ
.................

de Benefit P

t Benefit Ca

pproach ....

dered .........

oach .........

onsidered ..

r 2012 CVF

nd Safety –
.................

 Damages 

ional Econo

the 2012 C

nd Safety ..

zardous Ma

 Damages 

ses ............

.................

.................

.................

.................

.................

.................

.................

essment ....

on .............

luation ......

.................

and Guideli

lines .........

irements a
.................

Policy ........

ategories ..

.................

.................

.................

.................

FPP ...........

–Reduced P
.................

.................

omies .......

CVFPP .......

.................

aterials Dur

.................

.................

.................

.................

.................

.................

.................

.................

.................

.................

.................

.................

.................

nes ...........

.................

nd 
.................

.................

.................

.................

.................

.................

.................

.................

Potential Fo
.................

.................

.................

.................

.................

ring Floods

.................

.................

Co

....... 1-1 

....... 1-1 

....... 1-1 

....... 1-3 

....... 1-3 

....... 1-4 

....... 1-5 

....... 2-1 

....... 2-1 

....... 2-3 

....... 2-3 

....... 2-3 

....... 2-4 

....... 2-5 

....... 2-5 

....... 2-6 

....... 3-1 

....... 3-1 

....... 3-3 

....... 3-6 

....... 4-1 
or 
....... 4-1 
....... 4-3 
....... 4-6 

....... 5-1 

....... 5-1 
s ...... 5-1 
....... 5-1 
....... 5-2 

ontents 

iii 



2012 Cent
Attachmen

iv 
 

5.3 

5.4 

5.5 

5.6 

5.7 
5.8 
5.9 

6.0  Find

7.0  Refe

8.0  Acro

List of

Table 2-1

Table 3-1
Exis

Table 3-2
201

tral Valley Flo
nt 8I: Framew

  Re5.2.2

Bene

  En5.3.1

  Re5.3.2

Red

  Re5.4.1
Re

  Re5.4.2

  Eff5.4.3
and

Incre
Adap

Ecos

  Im5.6.1
Co

  Im5.6.2

  Im5.6.1

Enha
Wate

Ope

dings .........

erences ....

onyms and

f Tables 

1.  Water M

1.  CVFPP 
sting Feder

2.  Analysis
2 CVFPP .

ood Protecti
work for Ben

educed Dam

efits to Loc

hanced Ag

educed Disr

uced Long-

educed Lon
ecovery Nee

educed Lon

ficiency Thr
d Regulato

eased Flood
ptability .....

system Res

proved Rip
onnectivity .

proved Fish

proved Nat

anced Opp
er Managem

n Space an

.................

.................

 Abbreviatio

Managemen

Benefits Ca
ral P&Gs an

s Approach 
.................

on Plan 
nefit Assessm

mages to Pu

al and Reg

ricultural S

ruption of P

-Term Syst

g-Term Em
eds ...........

g-Term Op

rough Regio
ry Needs ..

d System R
.................

storation Be

arian Habit
.................

h Passage 

tural Geom

ortunities to
ment Benef

nd Recreati

.................

.................

ons ...........

nt Benefit V

ategories R
nd Propose

Applied to 
.................

ment 

ublic Infrast

ional Econo

ustainability

Public Servi

em Manage

mergency R
.................

perations an

onal Appro
.................

Resiliency a
.................

enefits .......

tat Quantity
.................

and Habita

orphic Proc

o Achieve M
fits ............

ion Opportu

.................

.................

.................

aluation Me

Related to C
ed PR&Gs .

Assess Be
.................

tructure ....

omies .......

y ...............

ces ...........

ement Cos

Response an
.................

nd Maintena

aches to P
.................

and Climate
.................

.................

y, Quality, a
.................

at ...............

cesses ......

Multiple Ob
.................

unities .......

.................

.................

.................

ethods ......

CVFPP Goa
.................

enefits Cons
.................

.................

.................

.................

.................

sts ..............

nd 
.................

ance Costs

ermitting 
.................

e Change 
.................

.................

and 
.................

.................

.................

bjectives ....
.................

.................

.................

.................

.................

.................

als, and 
.................

sidered in 
.................

February
Public

....... 5-2 

....... 5-2 

....... 5-2 

....... 5-3 

....... 5-3 

....... 5-3 
s ...... 5-4 

....... 5-4 

....... 5-5 

....... 5-5 

....... 5-5 

....... 5-6 

....... 5-6 

....... 5-7 

....... 5-7 

....... 5-8 

....... 6-1 

....... 7-1 

....... 8-1 

....... 2-2 

....... 3-3 

....... 3-5 

y 2012 
c Draft 



 Contents 

February 2012 v 
Public Draft 

Table 4-1.  Summary of Annual Life Risk Values and Benefits for 
Sacramento and San Joaquin River Basins .............................................. 4-2 

Table 4-2.  Summary of Annual Flood Damage and Benefits for 
Sacramento and San Joaquin River Basins (2010 dollars, in millions) ...... 4-4 

Table 4-3.  Estimated Direct, Indirect, and Induced Regional Employment 
and Output Effects of SSIA ........................................................................ 4-7 

Table 6-1.  Summary of Quantified Annual Benefits .......................................... 6-1 

List of Figures 

Figure 1-1.  Central Valley Flood Protection Plan Planning Areas ..................... 1-2 

Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach ................................................................................................... 1-5 

Figure 3-1: CVFPP Economic Assessment Approach ....................................... 3-4 

Figure 4-1.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for Sacramento and San Joaquin 
River Basins .............................................................................................. 4-3 

Figure 4-2.  Sacramento River Basin Estimated Annual Flood Damages ......... 4-5 

Figure 4-3.  San Joaquin River Basin Estimated Annual Flood Damages ......... 4-5 
 

 

  



2012 Central Valley Flood Protection Plan 
Attachment 8I: Framework for Benefit Assessment 

vi February 2012 
 Public Draft 

 

This page left blank intentionally. 

 



 1.0 Introduction 

January 2012 1-1 
Public Draft 

1.0 Introduction 
This section provides the purpose of this attachment, background 
information (including planning areas, goals, and approaches), and report 
organization. 

1.1 Purpose of this Attachment 

The 2012 Central Valley Flood Protection Plan (CVFPP) includes the 
formulation of four systemwide approaches, including the State 
Systemwide Investment Approach (SSIA). These approaches present 
different combinations of potential flood management improvements to 
address flood risk challenges. This attachment highlights potential ways of 
assessing economic benefits and describes a benefit assessment approach to 
be conducted for the CVFPP.   

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta).  
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.1 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

1.2 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal:  Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 
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1.3 2012 CVFPP Planning Approaches 

Approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These approaches are not 
alternatives; rather, they bracket a range of potential actions and help 
explore trade-offs in costs, benefits, and other factors important in decision 
making.  The approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach 
(SSIA) was developed that encompasses aspects of each of the approaches 
to balance achievement of the goals from a systemwide perspective, and 
includes integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

This attachment documents the benefit assessment conducted for the No 
Project condition and each of the approaches. 
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Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.4 Report Organization 

Organization of this document is as follows: 

• Section 1 describes the purpose of the attachment, provides background 
information on the CVFPP, and describes CVFPP planning areas, the 
CVFPP planning process, and planning approaches. 

• Section 2 provides an overview of key State and federal guidelines and 
considerations for benefit assessment. 

• Section 3 describes the benefit assessment approach used in the 2012 
CVFPP. 

• Section 4 summarizes the benefits quantitatively assessed for the 2012 
CVFPP. 

• Section 5 describes the benefits qualitatively considered for the 2012 
CVFPP. 

• Section 6 provides a summary of findings of the benefit assessment. 

• Section 7 contains references for the sources cited in this document. 

• Section 8 lists abbreviations and acronyms used in this document. 
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2.0 Guidelines and Considerations 
for Benefit Assessment 

This section provides background information on State and federal 
guidelines for benefit assessment for flood improvements and related water 
management purposes. It also gives an overview of economic evaluation 
methods for different types of benefits. 

Benefits are the increased values of goods and services produced by a 
project. Benefits play a critical role in determining the economic 
justification of a project and in allocating costs among different purposes. 
The CVFPP is expected to provide multipurpose benefits, including flood 
damage reduction, ecosystem restoration, and other water resources-related 
benefits, requiring different measurement methods, as described below. 

2.1 Monetary Methods of Benefit Valuation 

Where possible, benefits are expressed in monetary terms. The monetary 
value of a good or service to a person who is a buyer is equal to his or her 
“willingness to pay” for the outputs of the project. Because flood risk 
reduction projects can provide both private and public benefits, a number 
of market and nonmarket methods to estimate “willingness to pay” for the 
project outputs can be used, including the following: 

• Revealed willingness to pay, in which values are determined from 
market prices such as prices paid for goods directly produced from the 
project, prices paid for related goods (e.g., higher prices paid for homes 
with views), or prices paid for travel to a recreation area. Some goods 
and services are used as inputs in production (i.e., improved water 
quality can lead to improved crop production), and their value may be 
measured by their contribution to the value obtained from the final 
goods, usually measured by changes in net income. 

• Imputed willingness to pay, in which value can be estimated based on 
(1) reduction of costs, or (2) avoided (more costly) alternatives. 

• Expressed willingness to pay, in which value is estimated through 
surveys (contingent valuation) that query people directly regarding 
what they are willing to pay based on a hypothetical scenario, or what 
they would be willing to accept in compensation if an amenity were 
taken away. Alternatively, people can be asked to make trade-offs 
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among different alternatives, from which their willingness to pay can be 
estimated (contingent choice). 

• Benefit transfers, in which values developed by other studies for 
similar projects are transferred to the projects being evaluated. 

• Administratively established values, in which representative values 
for specific goods and services are cooperatively assigned by water 
resources agencies. 

Table 2-1 summarizes the benefit valuation methods that are typically used 
for different water management project purposes. The CVFPP is expected 
to provide many of these benefits. 

Table 2-1.  Water Management Benefit Valuation Methods 

Benefit Valuation Method 

Water Management Purpose 
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Revealed willingness to pay 

Market price         

Price of related goods         

Travel cost         

Imputed willingness to pay 

Reduction in costs         

Alternative costs avoided         

Expressed willingness to pay 

Contingent  valuation         

Contingent choice         

Benefit transfers         

Administratively established values         

Source: Adapted from DWR, 2008 
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2.2 Nonmonetary Methods of Benefit Valuation 

Nonmonetary methods do not place a monetized value on project benefits. 
Without a monetary measure of benefits, it is not possible to conduct a 
traditional benefit-cost analysis. However, short of benefit-cost analysis, 
economics can provide other methods of valuation to assist investment 
decisions. Two of these methods are cost effectiveness analysis and 
incremental-cost analysis: 

• Cost effectiveness analysis is used to filter out plans that produce the 
same output level as other plans, but cost more. 

• Incremental cost analysis shows changes in costs as levels of outputs 
increase. 

The results of these analyses can permit decision makers to compare 
progressively alternative levels of project outputs and ask if the next level 
is “worth it.” That is, is the additional output in the next attainable level 
worth its monetary cost? However, a major disadvantage of projects 
evaluated with cost effectiveness and incremental cost analysis is that 
conducting a “combined” analysis for multi-objective projects, which have 
monetized benefit values, is more difficult (USACE IWR, 1995). 

2.3 Tools for Multi-Benefit Analysis 

Numerous economic analysis computer software packages and other 
analytical tools can be used to assist in water resources economic 
justification and socioeconomic impact analyses. These are described in 
DWR’s Economic Analysis Guidebook (DWR, 2008). 

2.4 Consideration of Federal Principles and 
Guidelines 

Water resources projects are often large and costly, and require cooperative 
efforts and resources from the local agencies that will directly benefit from 
the project, the State, and the federal government. In many cases, a large 
portion of the funds to complete water resources projects, and especially 
flood risk management projects, is obtained through federal funding 
programs. As a result, State projects are analyzed and formulated with 
consideration of federal guidelines as embodied in the federal Economic 
and Environmental Principles and Guidelines for Water and Related land 
Resources Implementation Studies (P&Gs) (WRC, 1983; DWR, 2008). 
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• Secondary Economic Effects – Most direct, or primary, monetary 
losses (or gains) will have secondary “ripple” effects (both positive and 
negative) in a regional, State, or even national economy. Secondary 
effects include: 

1. Indirect effects. Changes in output, income, and employment of a 
given industry resulting from the iterations of industries purchasing 
from the other industries caused by the direct effects. 

2. Induced effects. Changes in output, income, and employment 
caused by household expenditures generated by direct and indirect 
economic effects. 
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3.0 2012 CVFPP Benefit 
Assessment Approach 

This section describes the benefit assessment approach used in the 2012 
CVFPP, including a summary of the benefit categories considered. 

3.1 Benefit Categories Considered 

The preliminary approaches and the SSIA were formulated to primarily 
improve flood risk management and to contribute to the other supporting 
goals, reflecting a wide range of benefits, including the following: 

• Improved public health and safety – Flood management 
improvements can reduce the potential for injuries and loss of life, and 
release of hazardous materials during floods. 

• Reduced economic flood damages – Flood management 
improvements can reduce damages to structures (residential, 
commercial, industrial, and government buildings), agricultural crop 
losses and livestock losses, damages to public infrastructure 
(transportation, energy, utilities, etc.), and business income losses. 

• Benefits to local and regional economies – Flood management 
improvements can reduce the potential for loss of production and 
industry relocation, effects on employment, impacts on agricultural 
sustainability, and potential for disruption of public services. In 
addition, investment in flood improvements can result in positive 
regional economic effects. 

• Reduced long-term system management costs – Flood management 
improvements can reduce long-term emergency response and recovery 
needs, and long-term operations and maintenance costs. Additional 
benefits can also be gained from implementing regional approaches to 
permitting and regulatory compliance to reduce long-term costs of 
project implementation and maintenance. 

• Increased flood system resiliency and climate change adaptability – 
Flood management features such as storage and floodway expansion 
can enhance system adaptability to future changes in climate and 
hydrologic uncertainties, and to changes in population and land uses. 
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• Ecosystem Restoration Benefits – Restoration features integrated in 
flood management improvements can contribute to improved riparian 
habitat quantity, quality, and connectivity, and enhanced fish passage 
and habitat. 

• Water Management Benefits – Certain flood management features 
can contribute to water supply and quality. 

• Open Space and Recreation Opportunities – Certain flood 
management features can enhance the open space and opportunities for 
recreation and tourism. 

Table 3-1 displays the relationships between these benefit categories and 
the CVFPP goals, 1983 federal P&G requirements, and proposed federal 
PR&G requirements. 



 3.0 2012 CVFPP Benefit Assessment Approach 

January 2012 3-3 
Public Draft 

Table 3-1.  CVFPP Benefits Categories Related to CVFPP Goals, and 
Existing Federal P&Gs and Proposed PR&Gs 

Considered Benefit 
Categories  

2012 CVFPP Goals 1983 P&G 
Accounts 

Proposed PR&G 
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Improved public health and 
safety 

            

Reduced economic flood 
damages 

            

Benefits to local and regional 
economies 

            

Reduced long-term system 
management costs             

Increase flood system 
resiliency and climate change 
adaptability  

            

Ecosystem Restoration 
Benefits             

Water Management Benefits             

Open Space and Recreational 
Opportunities             

Key: 
CVFPP = Central Valley Flood Protection Plan 
P&G = Economics and Environmental Principles and Guidelines for Water and Related Land Resources Implementation 
Studies 
PR&G = Principles, Requirements and Guidelines

3.2 Benefit Assessment Approach 

The benefit categories considered in the 2012 CVFPP encompass a wide 
range of benefits, requiring detailed data and analyses. The CVFPP is 
primarily a systemwide reconnaissance study and not a detailed feasibility 
study, thus information is limited for conducting detailed analyses to 
quantify benefits. For the 2012 CVFPP, a mix of quantitative and 
qualitative assessments was conducted for the various benefits considered, 
consistent with the available data and details of proposed flood 
improvement actions and projects. 
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Table 3-2 identifies the analysis method (quantitative or qualitative) 
applied to the various benefits considered. Quantitative analyses have been 
conducted for the following benefits: 

• Improved Public Health and Safety – Reduction in life risk has been 
quantified for each of the preliminary approaches and the SSIA, using 
USACE Hydraulic Engineering Center Flood Damage Analysis Model 
(HEC-FDA). This analysis is documented in Attachment 8G: Life Risk 
Analysis. 

• Reduced Economic Flood Damages – Flood damage reduction 
benefits were assessed for (1) structure and content values, (2) 
agricultural crop production, and (3) business income. These benefits 
were assessed for each of the preliminary approaches and the SSIA, 
using HEC-FDA. The flood damage reduction analysis is documented 
in Attachment 8F: Flood Damage Analysis. 

• Benefits to Local and Regional Economies – Secondary “ripple” 
effects are associated with avoided flood-related business losses and 
construction expenditures. These secondary effects include indirect and 
induced industry output and employment (both short term and long 
term) resulting from direct effects. Secondary effects were only 
assessed for the SSIA, as described in Attachment 8H: Regional 
Economic Analysis for the State Systemwide Investment Approach. 

Benefits quantitatively and qualitatively evaluated are summarized in 
Section 4 and Section 5, respectively.  Figure 3-1 illustrates the CVFPP 
economic assessment approach. 

 

Figure 3-1. CVFPP Economic Assessment Approach 
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Table 3-2.  Analysis Approach Applied to Assess Benefits 
Considered in 2012 CVFPP 

Considered Benefits 

Quantitative Analysis 
Qualitative 
Analysis Preliminary 

Approaches 
SSIA 

Improved Public Health and Safety    

Reduced potential for injuries and loss of life     

Reduced release of hazardous materials during floods    

Reduced Economic Flood Damages    

Reduced structures and content damages      

Reduced agricultural crop losses     

Reduced livestock losses    

Reduced damages to public infrastructure     

Avoided business income losses     

Benefits to Local and Regional Economies     

Increased benefits to regional economies     

Enhanced agricultural sustainability    

Reduced disruption of public services    

Reduced Long-Term Flood System Management Costs    

Reduced  long-term emergency response and recovery 
needs    

Reduced long-term operations and maintenance costs    

Efficiency through regional approaches to permitting and 
regulatory needs    

Increasing Flood System Resiliency and Climate 
Change Adaptability 

   

Ecosystem Restoration Benefits    

Improved riparian habitat quantity, quality, and 
connectivity    

Improved fish passage and habitat     

Improved natural geomorphic processes    

Water Management Benefits    

Open Space and Recreation Opportunities    
Key: 
CVFPP = Central Valley Flood Protection Plan 
SSIA = State Systemwide Investment Approach 
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3.3 Benefit Categories Not Considered 

Benefit categories not considered for the 2012 CVFPP include hydropower, 
navigation, and water quality.  Although the CVFPP may in small ways 
contribute to each category, it would likely not be significant, and therefore 
is not considered here. 
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4.0 Benefits Quantitatively 
Assessed for 2012 CVFPP 

This section summarizes the flood risk management benefits that were 
assessed quantitatively: improved public health and safety, reduced 
potential for economic flood damages, and benefits to local and regional 
economies. 

4.1 Improved Public Health and Safety –Reduced 
Potential For Injuries and Loss of Life 

Currently, about 1 million people and more than $70 billion of assets in the 
Central Valley are protected from flooding by facilities of the SPFC. The 
public safety threat related to flooding is high for many communities, 
particularly those in deep floodplains: 84 percent of the population has less 
than 100-year protection. The preliminary approaches and the SSIA reduce 
life risk to different degrees, employing different flood management 
features and methods.  

Table 4-1 summarizes estimated annual life risk values for the Sacramento 
and San Joaquin river basins, for the No Project condition and 2012 
CVFPP approaches. Life risk is the long-term average annual number of 
lives potentially lost in an identified area, considering a given climate and 
land use condition, with a specified plan of flood protection in place. These 
values are the expected annual statistics computed by HEC-FDA. The 
differences in life risk values for each approach, compared to No Project, 
are the benefits of that approach.  

Figure 4-1 displays the percent reductions in life risk results for the 
Sacramento and San Joaquin river basins and all approaches studied, 
compared to the No Project condition. All of the approaches reduce life risk 
compared to the No Project condition, with the greatest reduction 
attributable to the SSIA, followed by the Protect High Risk Communities 
Approach. This is due to the focus on protection of population centers in 
both approaches. 

Life risk values are conditional: they represent consequences for a given 
area with a specified set of hydrologic and hydraulic conditions for the 
system, with best representation of performance of system levees and other 
features, and with stated assumptions regarding public warning and 
response. Therefore, results are informative indices of life risk, and the 
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values shown herein provide a reliable metric for comparing the life risk 
reduction attributable to the proposed 2012 CVFPP approaches. 

Table 4-1.  Summary of Annual Life Risk Values and Benefits for 
Sacramento and San Joaquin River Basins 

CVFPP Approaches 
Sacramento 
River Basin 

San Joaquin 
River Basin 

Total 

Life Risk Values    

No Project  58.6 5.5 64.1 

Achieve SPFC Design 
Flow Capacity 

56.0 4.2 60.2 

Protect High Risk 
Communities 

31.6 4.1 35.7 

Enhance Flood System 
Capacity 

23.2 2.2 25.4 

State Systemwide 
Investment  

28.1 4.1 32.2 

Life Risk Benefits1    

No Project  N/A N/A N/A 

Achieve SPFC Design 
Flow Capacity 

2.6 1.3 3.9 

Protect High Risk 
Communities 

27.0 1.4 28.4 

Enhance Flood System 
Capacity 

35.4 3.3 38.7 

State Systemwide 
Investment  

30.5 1.4 31.9 

Notes: 
1. The reduction in life risk values of each approach compared to No Project. 
Key: 
SPFC = State Plan of Flood Control 

These life risk benefits are planning estimates to be used as indices 
comparing the relative performances of the proposed 2012 CVFPP 
approaches in reducing flood life risk, to inform the decision making 
process. However, these results are not forecasts of deaths expected to 
occur from flood events to be used for emergency planning or other 
purposes; that would require much more detailed analyses and supporting 
data than used in this analysis. The life risk analysis conducted for the 2012 
CVFPP is documented in Attachment 8G: Life Risk Analysis. 

Changes in the release of hazardous materials attributable to the 2012 
CVFPP approaches were not quantified. 
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Figure 4-1.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for Sacramento and San Joaquin 
River Basins  

4.2 Reduced Economic Flood Damages  

The preliminary approaches and the SSIA would reduce direct, economic 
damages from floods to varying degrees due to the proposed flood 
management improvements. Results of the flood damage analysis are given 
as expected annual damage (EAD). EAD is not a predictor of damages for 
a given year, but rather indicates the annualized damages from periodic 
flooding.  For this study, the EAD has three components: 

1. Annual structure and contents damage 

2. Annual crop damage 

3. Annual business losses 

Table 4-2 compares total EAD for the Sacramento and San Joaquin river 
basins, for the No Project condition and for each of the four flood 
management approaches. The differences in EAD for each approach, 
compared to No Project, are the benefits of that approach.  

Figures 4-2 and 4-3 also show EAD for both basins by approach and by 
type of flood damage (structures, crops, and business losses). The methods 
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and data used to estimate EAD are described in Attachment 8F: Flood 
Damage Analysis. 

In the Sacramento River Basin, the SSIA provides the largest reduction in 
economic flood damages, followed by the Protect High Risk Communities 
Approach. This is likely because of the larger percentage of the damages in 
the basin that would occur in urban areas, and both of these approaches 
would provide 200-year protection to urban areas. 

In the San Joaquin River Basin, the Achieve SPFC Design Flow Capacity 
Approach provides the largest reduction in economic flood damages, 
followed by the Enhance Flood System Capacity Approach. This is because 
of a larger percentage of the damages in the basin would occur in rural 
areas. 

Table 4-2.  Summary of Annual Flood Damage and Benefits for 
Sacramento and San Joaquin River Basins (2010 dollars, in millions) 

CVFPP Approaches 
Sacramento 
River Basin 

San 
Joaquin 

River Basin 
Total 

Annual Flood Damage    

No Project  $304 $25 $329 

Achieve SPFC Design Flow Capacity $176 $11 $187 

Protect High Risk Communities $101 $20 $121 

Enhance Flood System Capacity $58 $6 $64 

State Systemwide Investment  $91 $20 $111 

Annual Flood Damage Benefits1    

No Project  N/A N/A N/A 

Achieve SPFC Design Flow Capacity $128 $14 $142 

Protect High Risk Communities $203 $5 $208 

Enhance Flood System Capacity $246 $19 $265 

State Systemwide Investment  $213 $5 $218 
Notes: 

1. The reduction in EAD of each Approach compared to No Project  
2. San Joaquin River Basin includes Stockton area. 
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floodplain risk management, and to participate in flood risk reduction 
projects and various assessments. One of these programs is DWR’s Early 
Implementation Program (EIP), in which the State invested almost $540 
million (in addition to the $204 million invested by local agencies) for 
significant levee improvements in the Central Valley. These projects are 
considered part of the SSIA and have already realized significant flood risk 
reduction and related benefits.  It is estimated that these benefits 
significantly exceed the nearly $800 million cost to implement the projects 
to date. The benefits displayed in this report are considered additional 
benefits that could be achieved by implementing the remaining elements of 
the SSIA.   

Because the flood damage reduction benefit assessments for the EIP 
projects used methods and tools consistent with those used for the CVFPP, 
the CVFPP did not reestimate benefits for these projects. Thus, the base 
year for the CVFPP flood damage reduction analysis is 2010 for projects 
expected to be implemented following the EIP program. This base year 
implicitly assumes implementation of the EIP projects. 

4.3 Benefits to Local and Regional Economies 

Implementing approaches formulated for the 2012 CVFPP would directly 
and indirectly benefit local and regional economies and support continued 
economic development in the Central Valley. For example, implementation 
would reduce the potential for lost agricultural, commercial, and industrial 
production/ income, and secondary “ripple” effects, as a result of a flood. 
The potential for flood-impacted industries to recover to pre-flood levels 
would also be improved. In addition, construction projects resulting from 
implementing the 2012 CVFPP would be expected to boost regional short-
term employment and employment incomes, and increase regional 
economic output. Long-term employment may also be either sustained or 
improved as flood management improves in the valley. These employment 
and economic output benefits would also affect revenues of local 
governments through increased income and sales taxes. 

Table 4-3 displays the direct, indirect, and induced employment and 
economic output effects resulting from: 

• Construction expenditures related to the implementation of the SSIA 
over a 20 year period 

• Avoided annual flood-related business losses (direct business losses are 
also included in the EAD estimates) 
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However, these secondary economic effects were not estimated for the 
other approaches. The methods and data used to estimate regional 
economic effects are described in Attachment 8H: Regional Economic 
Analysis for the State Systemwide Investment Approach. 

It should be noted that while CVFPP construction expenditures can have 
positive regional income and employment effects, these funds could also be 
allocated to competing projects in other regions, which would generate 
regional impacts in those regions. 

Table 4-3.  Estimated Direct, Indirect, and Induced Regional 
Employment and Output Effects of SSIA 

Effects  
Sacramento 
River Basin 

San Joaquin 
River Basin 

Total 

Employment (Jobs) 

   Project Construction1 4,573– 5,522 752 – 942 5,326 – 6,463 

   Avoided Business Losses2 873 9 882 

Economic Output (2011 dollars, $millions per year) 

   Project Construction3 $647 – $781 $101 – $127 $748 – $908 

   Avoided Business Losses4 $103 $1.03 $104 
Notes: 
1.  Average annual employment over a 20-year period. 
2.  Long-term average annual avoided employment losses. 
3.  Increase in average annual economic output over a 20-year period. 
4.  Long-term average annual avoided economic output losses.
Key: 
SSIA = State Systemwide Investment Approach 
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5.7 Enhanced Opportunities to Achieve Multiple 
Objectives 

In addition to improved ecosystem functions, certain flood management 
features can contribute to other benefits, including water supply 
management, and recreation and tourism. 

5.8 Water Management Benefits 

The SSIA, as an integrated flood and water management program, would 
provide opportunities for improved water management in many ways. 
While estimates of water management benefits will be quantified for the 
2017 CVFPP, DWR expects that the average annual water management 
benefits of the SSIA may approach a few hundred thousand acre-feet 
compared to No Project. SSIA elements that could contribute to improved 
water management include reservoir operations and increases in channel 
groundwater recharge due to expansion and extension of the bypass system. 

• Reservoir operation – The F-CO program (see Section 3.5.8) is 
designed to modify operation of reservoirs in a way that will 
improve flood management and also provide opportunities for more 
aggressive refilling of reservoirs during dry years. Such operations 
could increase water supplies within reservoirs, especially in dry 
years when the water supply system is most stressed. Water supply 
benefits from F-BO would vary depending on current reservoir 
operation manual requirements, watershed hydrology, flexibility in 
reservoir operation (i.e., adequate release capacity), quality of 
reservoir inflow forecasts, etc. Therefore, a case-by-case study of 
flood management reservoirs will be needed to adequately define 
and quantify the potential benefits of reservoir F-BO. 

• Groundwater recharge – Groundwater aquifers are naturally 
recharged through various processes, including percolation of 
precipitation and infiltration of water from lakes, canals, irrigation 
and in-channel groundwater recharge. Implementation of the SSIA 
includes expansion and extension of the bypass system and levee 
setbacks. These actions would expand flood system lands by an 
additional 35,000 to 40,000 acres, which would be flooded during 
high water and contribute to in-channel and floodplain groundwater 
recharge. 



2012 Central Valley Flood Protection Plan 
Attachment 8I: Framework for Benefit Assessment 

5-8 February 2012 
 Public Draft 

5.9 Open Space and Recreation Opportunities 

The SSIA includes floodplain reconnection and floodway expansion, which 
improve ecosystem functions, fish passage, and the quantity, quality, and 
diversity of natural habitats.  Depending on various ecological conditions 
and constraints, many of these improvements can contribute to increasing 
opportunities for recreation and ecotourism, as well as augmenting the 
aesthetic values. Expansion of habitat areas provides opportunities for 
fishing, hunting, and wildlife viewing opportunities. Recreation-related 
spending associated with increased use by visitors to recreation areas 
becomes an important contributor to local and regional economies. 
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6.0 Findings  
CVFPP implementation will provide multiple benefits to the Central 
Valley, the State, and the nation.  For some of these benefits, a preliminary 
quantitative estimate has been made using available data and tools.  For 
other benefits, they are only described in this document in qualitative 
terms.  Significant effort will be made following completion of the 2012 
CVFPP to further quantify all benefit categories for the 2017 CVFPP.   

Table 6-1 summarizes the average annual benefits that have been 
quantified for the 2012 CVFPP, by approach, focusing upon the primary 
CVFPP goal to improve flood risk management.  

Table 6-1.  Summary of Quantified Annual Benefits 

CVFPP Approaches 
Reductions 
in Life Risk 

Values1 

Reductions in 
Flood 

Damage1 
(2010 dollars, 

in millions) 

Achieve SPFC Design Flow Capacity -6% $142 

Protect High Risk Communities -44% $208 

Enhance Flood System Capacity -60% $265 

State Systemwide Investment  -50% $218 
Note: 
1  Compared to No Project 

Implementations of SSIA would result in employment and increased 
economic output benefits to the region. These benefits would include short-
term benefits associated with the construction expenditure, and long-term 
avoided business loss benefits resulting from the improved flood 
protection.  

Benefits that were qualitatively described include: 

• Improved public health and safety: 

- Reduced potential for release of hazardous materials during floods 

• Reduced potential for flood damages: 

- Reduced livestock losses 

- Reduced damage to public infrastructure 
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• Benefits to local and regional economies: 

- Reduced potential for public service disruption  

- Enhanced agricultural sustainability 

• Reduced long-term system management costs: 

- Reduced long-term emergency response and recovery needs 

- Reduced long-term operations and maintenance costs 

- Improved efficiency through regional approaches to permitting and 
regulatory needs 

• Increasing Flood System Resiliency and Climate Change Adaptability 

• Improved ecosystem functions: 

- Improved riparian habitat quantity, quality, and connectivity 

- Improved fish passage and habitat 

- Improved natural geomorphic processes 

• Water management benefits 

• Open space and recreation opportunities 

Whether the benefits were evaluated quantitatively or described 
qualitatively, they are considered to be at an “appraisal,” or reconnaissance, 
level of detail, appropriate for planning broad combinations of policies, 
programs, and physical improvements.  

Based on this appraisal level of detail, the SSAI contributes the most to the 
2012 CVFPP primary goal, to improve flood risk management, in terms of 
estimated reductions in life risk and EAD. 

Basin-wide feasibility studies will be conducted before the implementation 
of specific measures. These feasibility studies will refine and expand on the 
benefit evaluations conducted thus far for the 2012 CVFPP, as follows: 

• Evaluating additional flood risk management benefits, such as 
infrastructure physical damage and loss of functions to that 
infrastructure, as well as other assets. 

• Evaluating potential multiple benefits, such as ecosystem restoration, 
water supply management, and recreation. 
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8.0 Acronyms and Abbreviations 
Board ......................... Central Valley Flood Protection Board 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

EAD ........................... Expected annual damages 

EIP ............................. FloodSAFE Early Implementation Projects  

EQ ............................. environmental quality 

F-CO .......................... Forecast-Coordinated Operations 

FloodSAFE ................ California FloodSAFE 

GIS ............................ geographic information system 

HEC-FDA .................. U.S. Army Corps of Engineers Hydrologic 
Engineering Center Flood Damage Analysis Model 

NED ........................... national economic development 

OSE ........................... other social effect 

P&G ........................... Economic and Environmental Principles and 
Guidelines for Water and Related Land Resources 
Implementation Studies 

PR&G ........................ Principles, Requirements and Guidelines 

RED ........................... regional economic development  

SPFC ......................... State Plan of Flood Control 

SSIA .......................... State Systemwide Investment Approach 

State .......................... State of California 

USACE ...................... U.S. Army Corps of Engineers 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), overviews the cost estimate work performed, and provides an 
overview of the report organization. 

1.1 Purpose of this Attachment 

This attachment documents (1) the cost estimating methodology and 
approach, and (2) findings that support the cost estimates of the State 
Systemwide Investment Approach presented in the 2012 Central Valley 
Flood Protection Plan (CVFPP). 

This attachment provides the detailed pre-appraisal level engineering and 
associated construction costs that support three preliminary approaches and 
are utilized to develop a pre-appraisal level construction cost for the State 
Systemwide Investment Approach. 

Costs summarized in Section 2 of the 2012 CVFPP can be reviewed in 
greater detail in this attachment. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 
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1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The 2012 CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

Costs presented herein cover primarily the SPFC Planning Area but some 
elements of the conceptual level engineering approaches and pre-appraisal 
level costs are outside of the SPFC Planning Area and contained within the 
Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

This attachment supports the goals of the 2012 CVFPP by providing the 
planning and engineering detail to support cost estimates which are key to 
plan formulation and ultimately implementation of flood management 
improvements. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different preliminary 
approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These preliminary 
approaches are not alternatives; rather, they bracket a range of potential 
actions and help explore trade-offs in costs, benefits, and other factors 
important in decision making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 
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Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

This attachment contains the costs summarized in the CVFPP for all 
preliminary approaches and ultimately the State Systemwide Investment 
Approach. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach 

1.6 Cost Estimates  for 2012 CVFPP 

This report documents the assumptions and methodology for developing 
costs, and presents cost estimates for elements of the CVFPP preliminary 
approaches and the State Systemwide Investment Approach. An 
appropriate cost estimating methodology, using best available data, was 
required to evaluate and compare the preliminary approaches.  The 
elements of the preliminary approaches and the methodology to develop 
them are then presented with their total estimated costs. The cost estimating 
work completed for the CVFPP was not based on bid-ready engineering 
documents, but rather conceptual designs and remedial actions extracted 
from parallel evaluation efforts, and carries an appropriate level of 
contingency for a conceptual-level planning effort or 25 percent plus/minus 
for all cost elements. 
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1.7 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this document. 

• Section 2 summarizes of total estimated costs of the preliminary 
approaches and the State Systemwide Investment Approach. 

• Section 3 lists abbreviations and acronyms used in this document. 

• Appendix A documents the cost estimating methodology and provides 
cost details. 

• Appendix B describes the remediation alternative analysis and cost 
estimates for addressing identified hazard factors for the urban SPFC 
levees and for achieving 200-year level protection. 

• Appendix C describes the remediation alternative analysis and cost 
estimates for addressing the identified hazard factors for Non-Urban 
SPFC levees. 

• Appendix D documents the conceptual design and cost estimates for 
providing 100-year level protection for small communities. 

• Appendix E documents the conceptual design and cost estimates for the 
flood corridor expansion features, including levee setback. 
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2.0 Summary and Findings 
The conceptually designed flood management elements used for the 
preliminary CVFPP cost estimates in this attachment are at a planning level 
of detail, and should be used for planning purposes only. These cost 
estimates will be further refined in future feasibility and design studies. 

2.1 Cost Estimate Elements 

The cost estimates are organized according to four primary flood 
management elements that address the different types of improvements 
made to the flood protection system in each approach: 

• System Improvement Element – The bypass and weir system of the 
SPFC has provided systemwide benefits of flood protection. System 
improvements are intended to improve the flood operations for the 
system as a whole and provide areas to enhance the ecosystem. 
Considered bypass expansion and weir modifications would lower peak 
floodflows throughout the system from the reservoirs downstream, 
providing further improvements in flood protection for urban areas, 
small communities, and rural-agricultural areas. 

• Urban Improvement Element – Urban areas located within the region 
protected by SPFC facilities are defined as developed areas with 10,000 
residents or more. The SPFC provides flood protection to nearly1 
million people living in urban areas. The urban areas located within the 
SPFC are generally concentrated in a few regions (Feather River, 
Lower Sacramento River, and Lower San Joaquin River) in the 
Sacramento and San Joaquin River basins. Urban improvements are 
targeted to achieve 200-year level of protection. 

• Rural-Agricultural Improvement Element – The rural-agricultural 
improvement addresses the flood protection needs of the largely 
agricultural areas and small communities throughout these areas (both 
located within the area protected by the SPFC). 

• Residual Risk Management Element – Residual risk management 
addresses additional efforts needed to provide flood protection beyond 
capital flood protection projects included in the other flood 
management elements. While this includes features that support 
improved flood protection throughout the system, it focuses on 
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providing supplemental flood protection in rural-agricultural areas. It 
includes three features: Enhanced Flood Emergency Response, 
Enhanced Operations and Maintenance, and Floodplain Management. 

It should be noted that ecosystem enhancements are integrated into the 
above flood management elements. Ecosystem enhancement features are 
included in the Enhance Flood System Capacity Approach and the State 
Systemwide Investment Approach. The Achieve SPFC Design Flow 
Capacity Approach and the Protect High Risk Communities Approach do 
not include ecosystem enhancements, but do include cost allowances for 
mitigation of ecosystem impacts. 

2.2 Cost Estimate Summary 

The estimated costs for the flood management elements included in the 
CVFPP preliminary approaches and the State Systemwide Investment 
Approach are based on 2011 price levels. These costs are not based on bid-
ready engineering documents, but rather on conceptual designs and 
remedial actions extracted from parallel evaluation efforts, and carry an 
appropriate level of contingency for a conceptual-level planning costs 
effort or 25 percent plus/minus for all cost elements. The actual 
implementation cost of flood management actions will depend on many 
factors that cannot be determined and evaluated in detail at this time. The 
actual costs will ultimately depend on the features chosen during future 
feasibility studies, engineering, actual future labor and material costs, 
competitive market conditions, construction schedule, and other factors. To 
reflect this uncertainty, estimated costs for the proposed flood management 
elements are presented as a range of low to high cost. Details of the cost 
estimate methodology are contained in Appendix A.  Additional supporting 
details for cost estimates appear in Appendices B through E. 

Table 2-1 summarizes the costs ranges for each of the flood management 
elements. Detailed cost estimates are included in Appendix A. 
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Table 2-1.  Summary of Cost Estimate Ranges for Preliminary Approaches and 
State Systemwide Approach ($-Million) 

Flood Management 
Element 

Preliminary Approaches State 
Systemwide 
Investment 
Approach 

Achieve SPFC 
Design Flow 

Capacity 

Protect 
High Risk 

Communities 

Enhance 
Flood System 

Capacity 

System Improvements $91 – $114 $91 – $114 $7,605 – $10,889 $5,142 – $6,501 

Urban Improvements $3,827 – $4,783 $5,496 – $6,675 $5,496 – $6,675 $5,496 – $6,675 

Rural/Agricultural 
Improvements 

$13,843 – $17,305 $1,253 – $1,504 $18,088 – $23,075 $1,772 – $1,873 

Residual Risk 
Management  

$732 – $901 $1,357 – $1,637 $653 – $798 $1,511 – $1,863 

TOTAL $18,493 – $23,103 $8,197 – $9,930 $31,842 – $41,437 $13,921 – $16,912 

Key: 
SPFC = State Plan of Flood Control 
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3.0 Acronyms and Abbreviations 
Annual Report ........... Local agency annual report 

AEP ........................... Annual Exceedence Probability 

APN ........................... Assessor’s Parcel Number 

ASPE ........................ American Society of Professional Estimators 

Board ........................ Central Valley Flood Protection Board 

CDP .......................... Census-Designated Place 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DFG .......................... California Department of Fish and Game 

DWR ......................... California Department of Water Resources 

FEMA ........................ Federal Emergency Management Agency 

FIP ............................ flood inundation potential 

FROA ........................ floodplain restoration opportunities analysis 

GAR .......................... Geotechnical Assessment Report 

GIS ............................ geographic information system 

I-5 .............................. Interstate 5 

LiDAR ........................ Light Detection and Ranging 

NGO .......................... nongovernmental organization 

NULE ........................ Non-Urban Levee Evaluations 

O&M .......................... operations and maintenance 

PCET ........................ Parametric Cost Estimating Tool 

RACER ..................... Remedial Alternatives and Cost Estimate Report 

ROW ......................... right-of-way 

SB ............................. Senate Bill 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

ULDC ........................ Urban Levee Design Criteria 

ULE ........................... Urban Levee Evaluations 
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USACE ...................... U.S. Army Corps of Engineers 

USFWS ..................... U.S. Fish and Wildlife Service 
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1.0 Introduction 
This appendix documents the Central Valley Flood Protection Plan 
(CVFPP) Cost Estimate Methodology and summarizes the various 
preliminary approaches and the State Systemwide Investment Approach 
(SSIA), including the programmatic-level costs for Residual Risk 
Management. 

The CVFPP is being prepared under the authorization of the California 
Central Valley Flood Protection Act of 2008 (Senate Bill 5) and other 
associated legislation to begin addressing the many flood management 
issues facing the Central Valley.  The CVFPP is a critical part of the 
FloodSAFE California Initiative, a comprehensive program to address 
flood management challenges in the State, with a vision of fostering 
sustainable, integrated flood management in California. The draft of the 
2012 CVFPP was completed and provided to the Central Valley Flood 
Protection Board (Board) before January 1, 2012, and is expected to be 
adopted by the Board before July 1, 2012. 

CVFPP goals include the primary goal of improving flood risk 
management and four supporting goals of improving operations and 
maintenance (O&M), improving institutional support, promoting 
ecosystem functions, and promoting multi-benefit projects.  These goals are 
described in the 2012 CVFPP. To achieve these goals, the CVFPP has 
identified four different approaches for Central Valley flood management.  
These include: 

1. Achieve State Plan of Flood Control (SPFC) Design Flow Capacity 
Approach. 

2. Protect High-Risk Communities Approach. 

3. Enhance Flood System Capacity Approach. 

4. SSIA – the State’s preferred approach. 

The cost estimates presented in this Appendix are at a reconnaissance 
(appraisal) level of detail and will be updated as future evaluations are 
conducted. The costs used in this estimate were assembled from many 
different sources at various levels of detail.  In some cases, materials 
quantities and unit costs were used to develop some of the cost estimates; 
in other cases, already existing cost estimates from ongoing efforts were 
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used.  While this may result in a broad range of the level of detail for the 
costs, it does represent the initial effort to estimate the costs of these 
approaches.  It is expected that the cost estimates will be brought to a more 
uniform level of detail as part of the feasibility studies. 

The purpose of this appendix is to support the 2012 CVFPP by providing 
relevant information, assumptions, and cost estimates for the system and 
local/regional improvements to existing facilities, constructing new 
facilities, and/or other flood management actions. This includes all the 
components evaluated in the CVFPP for each of the four approaches listed 
above. This appendix also provides estimates for ongoing annual costs for 
residual risk management actions, such as O&M. 

The remainder of this Appendix is organized into the following sections: 

• Section 2, Background Information – This section provides general 
contextual information that is relevant to preparation of this appendix. 
This information includes: 

- Data sources used in this analysis 

- Descriptions of the regions used to aggregate and summarize cost 
information  

- Major assumptions used for cost estimates 

• Section 3, Approach Descriptions and Cost Estimates – This section 
summarizes the flood management elements included in each of the 
four CVFPP flood management approaches, including their costs for 
each flood management element by region. This section also provides a 
cost summary table comparing all four approaches. 

• Section 4, Flood Management Elements – This section describes the 
flood management elements and assumptions used in estimating their 
costs. The flood management elements are organized into groups based 
on their primary improvements (systemwide, urban, rural-agricultural).  
Each flood management element is then further divided into the 
specific flood management components, which are the most detailed 
level of information identified and used for purposes of this preliminary 
cost estimate. 

• Section 5, Acronyms and Abbreviations 

• Section 6, Detailed Cost Tables – This includes the details cost tables 
that are summarized in Section 3. 
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2.0 Background 
This provides background information on planning areas, data sources, and 
key assumptions for the preliminary cost estimates. 

2.1 Planning Area 

The SPFC Planning Area is the geographic area that includes the lands 
currently receiving flood damage reduction benefits from the SPFC.  The 
SPFC Planning Area can be further subdivided into Levee Flood Protection 
Zones (LFPZ), which are defined as those areas that are protected by a 
levee that is part of the facilities of the SPFC, as defined under Section 
5096.805 of the Public Resources Code.  There are currently 221 LFPZs 
identified in the SPFC Planning Area.  For purposes of organizing and 
presenting information about the approaches and project costs, the SPFC 
Planning Area was subdivided into nine regions listed below, based on the 
location of the facilities of the SPFC, as shown in Figure 2-1.  The regions 
are described in more detail in the Draft Location and Description of Levee 
Flood Protection Zones within the Central Valley Technical Memoranda 
(June 23, 2011). 

• Upper Sacramento/Butte Basin Region. 

• Mid-Sacramento Region. 

• Feather River Region. 

• Lower Sacramento Region. 

• Delta North Region. 

• Delta South Region. 

• Lower San Joaquin Region. 

• Mid-San Joaquin Region. 

• Upper San Joaquin Region. 
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Figure 2-1.  Central Valley Flood Protection Plan Implementation Regions and 
Flood Protection Zones 
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2.2 Key Cost Estimate Assumptions and 
Limitations 

The estimated project costs are based on 2011 costs.   

2.2.1 Cost Uncertainty 

The actual cost of future improvements will depend upon a host of factors 
that cannot be determined and evaluated in detail at this time, so the cost 
estimates provided here should be considered preliminary.  Cost estimates 
will change as the project is refined during future studies, permitting, 
design, and construction.  The actual costs will ultimately depend on the 
components chosen, the engineering, the actual future labor and material 
costs, competitive market conditions, the construction schedule, and other 
factors.  As a result, the final project costs will vary from estimates 
provided in this appendix.  

2.2.2 Cost Ranges 

In most cases, a range of costs is provided to account for some of the 
uncertainty included in the preliminary assumptions.  The range of costs 
includes: 

• Low Estimated Total Cost – The low estimated total cost is 
determined using the smaller quantity (when a range is provided) and 
the lower unit cost (when a range is provided). 

• High Estimated Total Cost – The high estimated total cost is 
determined using the larger quantity (when a range is provided) and 
higher unit costs (when a range is provided). 

A range of costs is provided for each of the flood management 
componentcomponents based on the available supporting information (for 
each element) and program assumptions. These costs are presented on the 
tables in this cost estimate. 

2.2.3 Risk Assessment, Feasibility, Engineering, and 
Permitting  

In general, an additional 20 to 25 percent contingency is included to both 
the Low and High Estimated Total Cost to account for potential uncertainty 
in cost estimates due to future refinement to plan concept and elements, 
such as: 

• Future updates to the CVFPP  
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• Planned basinwide feasibility studies for the Sacramento River Basin 
and San Joaquin River Basin 

• Updates on risk assessments of the flood management system, 
including updated geotechnical information, new hydrology, and 
updated system hydraulic modeling tools.  

• Detailed engineering design of the flood management elements and 
facilities that evaluates site specific conditions  

• Permitting process and requirements for the proposed flood 
management projects 

• Cost for mitigating any potential hydraulic impacts  

• Other ecosystem mitigation costs not identified in this cost estimate  

• Other unidentified cost items 

2.3 Data Sources 

The following data sources were used to prepare this Appendix: 

• Levee hazard information and structural remediation cost estimates 
developed by Urban and non-urban levee evaluations (ULE and NULE) 

• Program-level cost information for residual risk management elements 
developed by California Department of Water Resources (DWR), 
Division of Flood Management (DFM) 

• Information from local flood management and maintaining agencies 

• CVFPP Conservation Framework (CVFPP Attachment 2) and 
supporting technical documentations (CVFPP Attachment 9) 

• Unit costs from recently implemented projects (such as Three River 
Levee Improvement Authority (TRLIA) and Sacramento Area Flood 
Control Agency (SAFCA)) 

• Reconnaissance and pre-feasibility level conceptual designs and costs 
information on flood management improvements, such as: 

o Sacramento Bypass Expansion Conceptual Design and Cost 
Estimates (SAFCA, March 2009) 
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o Formulation and Analysis of Alternatives for Supplemental 
Flood Control Program on Yuba River (Yuba County Water 
Agency (YCWA), 1999) 

o Paradise Cut Bypass Investigation – Draft Technical 
Memorandum, (Central Valley Flood Management Program, 
June 2010) 

o Daguerre Point Dam Fish Passage Improvement Project – 
Alternative Concepts Evaluation (US Army Corps of 
Engineers, September, 2003) 

• Reconnaissance information on storage projects: 

o  Shasta Lake Water Resources Investigation (US 
Department of the Interior, Bureau of Reclamation 
(Reclamation), 2011) 

o North of Delta Offstream Storage (DWR, 2010) 

o Upper San Joaquin River Basin Storage Investigation 
(Reclamation, 2008) 
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3.0 Approach Descriptions and Cost 
Estimates 

This section summarizes the four approaches evaluated in the CVFPP and 
their preliminary costs. Three fundamentally different approaches to flood 
management were initially compared to explore potential flood risk 
reduction improvements in the Central Valley.  These include: 

1. Achieve SPFC Design Flow Capacity Approach. 

2. Protect High Risk Communities Approach. 

3. Enhance Flood System Capacity Approach. 

Based on an evaluation of these three approaches, the California 
Department of Water Resources (DWR) developed the SSIA that 
encompasses aspects of each of the three preliminary approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements. 

3.1 Flood Management Elements 

This cost estimate is organized into four primary flood management 
elements that address the different types of improvements made to the 
flood protection system in each approach. The four flood management 
elements are: 

1. System improvement element. 

2. Urban improvement element. 

3. Rural-agricultural improvement element. 

4. Residual risk management element. 

The flood management elements are described in more detail in Section 4.  
Each flood management element is then further divided into the specific 
flood management components, which are the most detailed level of 
information identified and used for purposes of this preliminary cost 
estimate. Tables 3-1 to 3-4 identify which flood management components 
are included in each approach.  It should be noted that many of the 
ecosystem restoration enhancements are integrated into the above flood 
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management elements and are componentcomponents of the Enhance 
Flood System Capacity Approach and the SSIA.  The Achieve SPFC 
Design Capacity Approach and the Protect High-Risk Communities 
Approach do not include similar ecosystem enhancements, but do include 
cost allowances for mitigation of ecosystem impacts. 
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Table 3-1.  System Improvement Elements Incorporated in the CVFPP Approaches 

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High-
Risk 

Communities

Enhance Flood 
System Capacity 

State Systemwide 
Investment 
Approach 

Land Acquisition NO NO YES YES 

Agricultural Conservation Easements NO NO YES YES 

Ecosystem Restoration and 
Enhancement 

NO NO 
YES 

 
YES 

 New Levee Construction NO NO YES YES 

Improve Existing Levees NO NO YES YES 

Flood System and Fish Passage  
Structures 

NO NO YES YES 

Forecast –Coordinated Operations / 
Forecast-Based Operations 

YES YES YES YES 

New Reservoir Storage NO NO YES NO 

Easements NO NO YES NO 

System Erosion and Bypass Sediment 
Removal Project 

NO NO YES YES 
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Table 3-2.  Urban Improvement Elements Incorporated in the CVFPP Approaches 

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High-
Risk 

Communities 

Enhance Flood 
System 

Capacity 

State Systemwide 
Investment 
Approach 

Urban Flood Protection Projects NO YES YES YES 

Achieve SPFC Design Capacity in 
Urban Areas 

YES NO NO NO 

Non-SPFC Urban Levee Improvements  YES YES YES YES 
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Table 3-3.  Rural-Agricultural Improvement Elements Incorporated in the CVFPP Approaches 

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities

Enhance 
Flood System 

Capacity 

State 
Systemwide 
Investment 
Approach 

Small Community Improvements NO YES YES YES 

Non-Urban Levee Improvements to 
Achieve SPFC Design Capacity  

YES NO YES NO 

Rural Setback Levees NO NO YES NO 

Site-Specific Rural Agricultural Levee 
Improvements 

NO NO NO YES 

Known and Identified Erosion Repairs NO NO NO YES 
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Table 3-4.  Residual Risk Management Elements Incorporated in the CVFPP Approaches  

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities 

Enhance 
Flood System 

Capacity 

State 
Systemwide 
Investment 
Approach 

Additional Flood Information Collection 
and Sharing 

YES YES YES YES 

All Weather Roads on Levee Crowns YES NO YES YES 

Local Flood Emergency Planning YES YES YES YES 

Additional Forecasting and Notification NO YES NO YES 

Identification and Repair After Event 
Erosions 

YES YES YES YES 

Develop and Implement Enhanced O&M 
Programs and Regional Organizations 

YES YES YES YES 

Sacramento Channel and Levee 
Management and Bank Protection 

YES YES YES YES 

Raising and Waterproofing Structures 
and Building Berms 

NO NO NO YES 

Purchasing and Relocating Homes in 
Floodplains 

NO NO NO YES 

Land Use and Floodplain Management YES YES YES YES 
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3.2 Approach Descriptions and Costs 

The CVFPP approaches are more fully described in the Draft 2012 Central 
Valley Flood Protection Plan.  A brief description of the four approaches is 
provided in this section to provide context for comparing the flood 
management componentcomponents included in each approach.  Table 3-5 
provides the cost summary for the four CVFPP approaches.  Additional 
information included improvement costs to each of the nine regions is 
provided for each approach in the following sections. 

Table 3-5.  Cost Summary for Four CVFPP Approaches ($millions, 2011 dollars) 

Approach 
Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities 

Enhance Flood 
System Capacity 

State Systemwide 
Investment 
Approach 

System 
Improvements 

$91  to  $114 $91  to  $114 $7,605  to  $10,889 $5,142  to  $6,501 

Urban 
Improvements 

$3,827.0  to  $4,783 $5,496  to  $6,675 $5,496  to  $6,675 $5,496  to  $6,675 

Rural-Agricultural 
Improvements 

$13,843  to  $17,305 $1,253  to $1,504 $18,088  to  $23,075 $1,772  to  $1,873 

Residual Risk 
Management 

$732  to  $901 $1,356  to  $1,638 $653  to  $798 $1,511  to  $1,863 

TOTAL $18,493  to  $23,103 $8,196  to  $9,931 $31,842 to  $41,437 $13,921  to  $16,912 

Notes: 

All cost estimates are based on 2011 costs rounded to nearest $million 

Cost estimates include 20 to 25 percent contingencies for risk assessment, feasibility, engineering, and permitting.  

3.2.1 Achieve SPFC Design Flow Capacity Approach 

The Achieve SPFC Design Capacity Approach focuses on reconstructing 
existing SPFC facilities throughout the system, such that the SPFC can 
reliably accommodate established project design flows. 

This approach was formulated to address legislation that required DWR to 
consider structural improvements and repairs necessary to reconstruct 
SPFC facilities to their original design standards (California Water Code 
9614 (g)).  It also addresses requests from stakeholders to consider 
repairing the existing flood management system in place, or without major 
modification to facility locations. 

This approach does not consider improving SPFC facilities to carry flows 
greater than project design flows, nor enhancements (to levee height, width, 
or footprint, for example) that exceed current SPFC design standards. The 
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projects and their associated costs included in this approach are distributed 
among the nine regions, as presented on the Table 3-6. 

System Improvements – System improvements are generally not included 
in the Achieve SPFC Design Capacity Approach. 

Table 3-1 identifies the System improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements – Urban improvements are not a direct element of 
the Achieve SPFC Design Capacity Approach.  There are some 
improvements to urban levees included in this approach to achieve SPFC 
design flow capacities around urban areas.  

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural Agricultural Improvements – In the Achieve SPFC Design 
Capacity Approach, rural agricultural improvements focus on the wide 
range of repairs identified in the NULE Program that provides extensive 
repairs to the rural levees throughout the system; it is not targeting a 
specified level of protection, but rather achieving the original design 
capacity of the SPFC. 

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Residual risk management is a minor part 
of the Achieve SPFC Design Capacity Approach because the need is 
expected to be less than the other approaches due to significant investment 
in physical flood system improvements, especially in rural areas. 

Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management. 
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Table 3-6 Improvement Costs for the Achieve SPFC Design Flow Capacity Approach  

REGION 

System 
Improvements 

Urban Improvements Rural  Improvements 
Residual Risk 
Management 

Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$12.0 to $15.0 $0.0 to $0.0 $510.0 to $638.0 $44.0 to $54.0 $566.0 to $707.0 

2- Mid-
Sacramento 
Region 

$0.0 to $0.0 $0.0 to $0.0 $3,223.0 to $4,028.0 $103.0 to $132.0 $3,326.0 to $4,160.0 

3- Feather River 
Region 

$12.0 to $15.0 $1,196.0 to $1,495.0 $2,039.0 to $2,548.0 $88.0 to $112.0 $3,335.0 to $4,170.0 

4- Lower 
Sacramento 
Region 

$7.0 to $8.0 $1,529.0 to $1,912.0 $1,434.0 to $1,793.0 $95.0 to $120.0 $3,065.0 to $3,833.0 

5- Delta North 
Region 

$12.0 to $15.0 $288.0 to $360.0 $3,889.0 to $4,862.0 $155.0 to $174.0 $4,344.0 to $5,411.0 

6- Delta South 
Region 

$0.0 to $0.0 $144.0 to $180.0 $629.0 to $787.0 $44.0 to $54.0 $817.0 to $1,021.0 

7- Lower San 
Joaquin 
Region 

$7.0 to $8.0 $238.0 to $296.0 $340.0 to $425.0 $50.0 to $61.0 $635.0 to $790.0 

8- Mid - San 
Joaquin 
Region 

$12.0 to $15.0 $432.0 to $540.0 $474.0 to $592.0 $38.0 to $46.0 $956.0 to $1,193.0 

9- Upper San 
Joaquin 
Region 

$29.0 to $38.0 $0.0 to $0.0 $1,305.0 to $1,632.0 $115.0 to $148.0 $1,449.0 to $1,818.0 

Total $91.0 to $114.0 $3,827.0 to $4,783.0 $13,843.0 to $17,305.0 $732.0 to $901.0 $18,493.0 to $23,103.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $million 
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3.2.2 Protect High-Risk Communities Approach 

The Protect High-Risk Communities Approach focuses on improvements 
to the flood management system that directly reduce risks to life and life 
safety.  These threats are predominantly in densely populated areas, 
including urban areas and small communities subject to deep or rapid 
flooding.  This approach would primarily improve levees without major 
changes to their existing footprints. Rural-agricultural levees would remain 
in their existing configurations. The projects and their associated costs for 
this approach are distributed among the nine regions as presented in 
Table 3-7. 

System Improvements – System improvements are generally not included 
in the Protect High-Risk Communities Approach.   

Table 3-1 identifies the system improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements – The urban improvements are a significant element 
of the Protect High-Risk Communities Approach.  DWR Flood Project 
Office compiled a list of projects and preliminary cost estimates for 
achieving a 200-year level of flood protection in the Central Valley.  This 
list was compiled using information from DWR projects and information 
from local flood maintenance agencies.   

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural Agricultural Improvements – Only the small community 
improvements componentcomponents are included in the Protect High-
Risk Communities Approach. 

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Since the focus of this approach is on small 
communities and urban areas, a moderate amount of the residual risk 
management elements is needed. Because this approach does not address 
rural flood risks, the residual risk management element is smaller than the 
SSIA. 
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Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management.
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Table 3-7 Improvement Costs for the Protect High-Risk Communities Approach 

REGION 

System 
Improvements 

Urban Improvements Rural  Improvements 
Residual Risk 
Management 

Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$12.0 to $15.0 $120.0 to $144.0 $93.0 to $112.0 $95.0 to $113.0 $320.0 to $384.0 

2- Mid-
Sacramento 
Region 

$0.0 to $0.0 $0.0 to $0.0 $238.0 to $285.0 $220.0 to $277.0 $458.0 to $562.0 

3- Feather River 
Region 

$12.0 to $15.0 $891 to $1,048.0 $399.0 to $479.0 $165.0 to $204.0 $1,467.0 to $1,746.0 

4- Lower 
Sacramento 
Region 

$7.0 to $8.0 $3,549.0 to $4,283.0 $0.0 to $0.0 $139.0 to $169.0 $3,695.0 to $4,460.0 

5- Delta North 
Region 

$12.0 to $15.0 $144.0 to $192.0 $367.0 to $440.0 $258.0 to $300.0 $781.0 to $947.0 

6- Delta South 
Region 

$0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $91.0 to $106.0 $91.0 to $106.0 

7- Lower San 
Joaquin 
Region 

$7.0 to $8.0 $626.0 to $809.0 $0.0 to $0.0 $93.0 to $107.0 $726.0 to $924.0 

8- Mid - San 
Joaquin 
Region 

$12.0 to $15.0 $0.0 to $0.0 $4.0 to $5.0 $84.0 to $97.0 $100.0 to $117.0 

9- Upper San 
Joaquin 
Region 

$29.0 to $38.0 $166.0 to $199.0 $152.0 to $183.0 $211.0 to $265.0 $558.0 to $685.0 

Total $91.0 to $114.0 $5,496.0 to $6,675.0 $1,253.0 to $1,504.0 
$1,356

.0 
to 

$1,638
.0 

$8,196.0 to $9,931.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $ million 
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3.2.3 Enhance Flood System Capacity Approach 

The Enhance Flood System Capacity Approach focuses on enhancing flood 
system storage and conveyance capacity to achieve multiple benefits. This 
approach combines componentcomponents of the above two approaches 
and provides more room within flood conveyance channels to lower flood 
stages throughout most of the system. This approach would represent a 
major realignment of the existing footprint and function of the flood 
management system. Flood system capacity enhancements would be 
designed on a systemwide scale to integrate multiple benefits, including 
environmental restoration and water supply reliability. 

In addition to improving the overall capacity of the system to convey large 
flood events, additional improvements would be made to protect urban 
areas and communities where a high threat to public safety exists. The 
projects and their associated costs for this approach are distributed among 
the nine regions, as presented in Table 3-8. 

System Improvements – System improvements are a significant element 
of the Enhance Flood System Capacity Approach.  Most of the system 
improvements componentcomponents are needed to expand the bypass 
system, make the needed levee improvements, or build new levees and 
needed facilities to move flood waters into and out of the bypass system.  
Fish passage improvements are also included in this approach.  The 
Enhance Flood System Capacity Approach also includes increases in flood 
storage in foothill reservoirs, and transitory storage on the floodplains.   

Table 3-1 identifies the system improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements - Urban improvements are a significant element of 
the Enhance Flood System Capacity Approach.  DWR Flood Project Office 
compiled a list of projects and preliminary cost estimates for achieving a 
200-year level of flood protection in the Central Valley.  This list was 
compiled using information from DWR projects and information from local 
flood maintenance agencies.  The Urban Improvements are the same as the 
Protect High-Risk Communities Approach and SSIA.  

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural-Agricultural Improvements – In the Enhance Flood System 
Capacity Approach, Rural Agricultural Improvements focus on the wide 
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range of repairs identified in the NULE Program that provides extensive 
repairs to the rural levees throughout the system. It does not target a 
specified level of protection, but rather achieving the original design 
capacity of the SPFC.  

In addition, this approach includes setback levees at selected locations 
throughout the system and the associated environmental restoration of 
those areas returned to the floodplain.  This componentcomponent is not 
included in any of the other approaches.   

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Residual risk management is a minor part 
of the Enhance Flood System Capacity Approach because the need is 
expected to be less than the other approaches due to the significant 
investment in physical flood system improvements.  

Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management. 
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Table 3-8 Improvement Costs for the Enhance Flood System Capacity Approach 

REGION 

System 
Improvements 

Urban Improvements Rural  Improvements 
Residual Risk 
Management 

Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$315.0 to $447.0 $120.0 to $144.0 $510.0 to $638.0 $40.0 to $49.0 $985.0 to $1,278.0 

2- Mid-Sacramento 
Region 

$578.0 to $784.0 $0.0 to $0.0 $5,508.0 to $7,179.0 $117.0 to $152.0 $6,203.0 to $8,115.0 

3- Feather River 
Region 

$2,120.0 to $2,729.0 $891 to $1,048.0 $2,834.0 to $3,644.0 $81.0 to $102.0 $5,926.0 to $7,523.0 

4- Lower 
Sacramento 
Region 

$1,627.0 to $1,962.0 $3,549.0 to $4,283.0 $1,434.0 to $1,793.0 $59.0 to $72.0 $6,669.0 to $8,110.0 

5- Delta North 
Region 

$754.0 to $924.0 $144.0 to $192.0 $4,139.0 to $5,112.0 $145.0 to $161.0 $5,182.0 to $6,389.0 

6- Delta South 
Region 

$427.0 to $549.0 $0.0 to $0.0 $629.0 to $787.0 $37.0 to $45.0 $1,093.0 to $1,3810.0 

7- Lower San 
Joaquin Region 

$7.0 to $8.0 $626.0 to $809.0 $340.0 to $425.0 $48.0 to $59.0 $1,021.0 to $1,3010.0 

8- Mid - San 
Joaquin Region 

$778.0 to $1,129.0 $0.0 to $0.0 $1,370.0 to $1,847.0 $35.0 to $42.0 $2,183.0 to $3,018.0 

9- Upper San 
Joaquin Region 

$999.0 to $2,357.0 $166.0 to $199.0 $1,324.0 to $1,650.0 $91.0 to $116.0 $2,580.0 to $4,322.0 

Total $7,605.0 to $10,889.0 $5,496.0 to $6,675.0 $18,088.0 to $23,075.0 $653.0 to $798.0 $31,842.0 to $41,437.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $ million 
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3.2.4 State Systemwide Investment Approach 

The SSIA provides guidance for future State participation in projects and 
programs for integrated flood management in the Central Valley.  The 
approach combines the most promising and cost-effective public safety, 
flood storage and conveyance, environmental conservation and restoration, 
and other elements of the preliminary approaches with policies, guidance, 
and improvements to routine State flood management functions. In general, 
this approach incorporates most elements of the Protect High-Risk 
Communities Approach. It adds the bypass expansions and new bypasses 
from the Enhance Flood System Capacity Approach. Based on observed 
rural-agricultural benefits from the Achieve SPFC Approach, select rural-
agricultural levee improvements are included without incorporating the 
extent or expense of the approach. 

The projects and their associated costs for this approach are distributed 
among the nine regions as presented in Table 3-9.  The locations of some of 
the major system improvements for the SSIA are shown for the Sacramento 
River Basin and the San Joaquin River Basin on Figures 3-1 and 3-2 
respectively. 

System Improvements – System improvements are a significant element 
of the SSIA.  Most of the system improvements componentcomponents are 
needed to expand the bypass system, make the needed levee improvements, 
or build new levees and needed facilities to move flood waters into and out 
of the bypass system.  Fish passage improvements are also included in this 
approach.   

Table 3-1 identifies the system improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements - Urban improvements are a significant element of 
the SSIA.  DWR FPO compiled a list of projects and preliminary cost 
estimates for achieving 200-year level of flood protection in the Central 
Valley.  This list was compiled using information from DWR projects and 
information from local flood maintenance agencies.   

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural-Agricultural Improvements – In the SSIA, rural-agricultural 
improvements focus on those identified and known deficiencies at specific 
areas based on recent levee inspections rather than providing a very broad 
level of repairs and improvements for the entire rural levee system.  This is 
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intended to provide a more cost-effective approach to rural levee 
improvements that, when combined with some of the floodplain 
management componentcomponents, provides a mechanism that is 
available to address the flood threat for the approximately 20,000 houses 
identified in the rural areas protected by the SPFC.   

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Residual risk management is a significant 
part of the SSIA, by providing cost-effective alternative (through 
floodplain management componentcomponents) to provide protection 
(reduced risk) in rural floodplains through the enhanced flood emergency 
response and floodplain management componentcomponents (which is 
more comprehensive than in the other approaches). The floodplain 
management componentcomponents provide a mechanism that is available 
to address the flood threat for the approximately 20,000 houses identified 
in the rural areas protected by the SPFC.   

Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management. 
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Figure 3-1.  Location of Major System Improvements in the Sacramento River  
Basin 
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Figure 3-2.  Location of Major System Improvements in the San Joaquin River 
Basin  
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Table 3-9.  Improvement Costs for the State Systemwide Investment Approach 

REGION 

System 
Improvements 

Urban Improvements Rural  Improvements 
Residual Risk 
Management 

Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$109.0 to $180.0 $120.0 to $144.0 $154.0 to $168.0 $95.0 to $114.0 $478.0 to $606.0 

2- Mid-
Sacramento 
Region 

$234.0 to $340.0 $0.0 to $0.0 $360.0 to $379.0 $261.0 to $333.0 $855.0 to $1,052.0 

3- Feather River 
Region 

$1,695.0 to $2,139.0 $891 to $1,048.0 $282.0 to $289.0 $170.0 to $212.0 $3,038.0 to $3,688.0 

4- Lower 
Sacramento 
Region 

$1,627.0 to $1,962.0 $3,549.0 to $4,283.0 $77.0 to $88.0 $138.0 to $169.0 $5,391.0 to $6,502.0 

5- Delta North 
Region 

$754.0 to $924.0 $144.0 to $192.0 $604.0 to $634.0 $266.0 to $311.0 $1,768.0 to $2,061.0 

6- Delta South 
Region 

$427.0 to $549.0 $0.0 to $0.0 $47.0 to $52.0 $110.0 to $135.0 $584.0 to $736.0 

7- Lower San 
Joaquin Region 

$7.0 to $8.0 $626.0 to $809.0 $17.0 to $19.0 $82.0 to $97.0 $732.0 to $933.0 

8- Mid - San 
Joaquin Region 

$60.0 to $102.0 $0.0 to $0.0 $48.0 to $55.0 $81.0 to $96.0 $189.0 to $253.0 

9- Upper San 
Joaquin Region 

$229.0 to $297.0 $166.0 to $199.0 $183.0 to $189.0 $308.0 to $396.0 $886.0 to $1,081.0 

Total $5,142.0 to $6,501.0 $5,496.0 to $6,675.0 $1,772.0 to $1,873.0 $1,511.0 to $1,863.0 $13,921.0 to $16,912.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $ million 
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4.0 Flood Management Elements 
This section documents the cost assumptions details for the following four 
primary flood management elements:   

1. System Improvement Element 

2. Urban Improvement Element 

3. Rural-Agricultural Improvement Element 

4. Residual Risk Management Element 

The flood management elements used in this preliminary cost estimate are 
at an appraisal level of detail, and should be used for planning purposes 
only.  These cost estimates will be further refined in future feasibility 
studies. 

4.1 System Improvement Element 

The bypass and levee system of the SPFC have provided systemwide 
benefits of flood protection.  The System improvements are intended to 
improve the flood operations for the system as a whole and provide areas to 
enhance the ecosystem. These systemwide improvements would lower 
peak flood flows throughout the system from the reservoirs downstream, 
providing further improvements in flood protection for urban, small 
communities, and rural-agricultural areas. 

This flood management element includes purchasing land and easements 
for the bypasses and levees, making environmental improvements to the 
lands included in the expanded bypasses.  Additional and improved flood 
management structures are needed to pass the flood flows into and out of 
the bypass system.  This includes weirs, gates, pumping plants, fish 
screens, and bypass structures to improve fish passage.  Reservoir 
improvements for flood protection include improved and coordinated 
operations and expanded flood storage. In addition to using the foothill 
reservoirs to manage the flood peaks, additional storage is being considered 
on the valley floor.  Historic use of the bypass system has resulted in 
sedimentation near some of the gates and weirs in the bypasses that reduces 
their performance. Therefore, rehabilitation of existing facilities is also 
required. 
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The locations of the major system improvements for the Sacramento River 
Basin and San Joaquin River Basin are shown in Figures 3-1 and 3-2, 
respectively. The flood management components identified to support 
System improvements include: 

• Land acquisition 

• Agricultural conservation easement 

• Ecosystem restoration and enhancement 

• Levee improvements for new and expanded bypasses 

• New levee construction 

• Improving existing levees 

• Flood system structures 

• Major flood system structures 

• Fish passage structures 

• Forecast-Coordination Operations (F-CO) and Forecast-Based 
Operations (F-BO) 

• New reservoir flood storage/enlarge flood pool 

• Easements 

• System erosion and bypass sediment removal projects 

Each of these system improvement flood management elements is 
described in detail below and includes assumptions used for the planning-
level cost estimates. 

4.1.1 Land Acquisition 

The land acquisition component includes the purchase of lands (fee and 
title) needed for expansion and extension of the bypasses identified in the 
CVFPP Framework.  The specific projects and the associated land 
acquisition acreages are listed in Table 4-1.  The cost to acquire lands 
varies throughout the Sacramento and San Joaquin River Basins due in part 
to their location relative to urban areas, and the existing agricultural 
development (i.e., lands with permanent crops have a higher cost than 
annual crops).  The range of cost estimates for land acquisition is listed in 
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Table 4-2.  Land acquisition costs are based on a market value analysis and 
include costs of structure relocations.  Additional information on 
development of land acquisition acreage and cost are included in 
Attachment 8J, Appendices B through E. 

Table 4-1.  Land Acquisition Acreage for Bypass Expansions 
Name Region Area (acres) 

Feather River Bypass Feather River Region 5,000 

Sutter Bypass Expansion Feather River Region 4,000 

Yolo Bypass Expansion 
Lower Sacramento and 
Delta North Regions 

25,500 

Sacramento Bypass Expansion Lower Sacramento Region 1,300 

Lower San Joaquin Bypass 
Expansion 

Delta South Region 1,000 

Total  36,800 

Table 4-2.  Land Acquisition Costs for Bypass Expansions 
Region Land Purchase Price ($/acre) 

1- Upper Sacramento $10,000 to $12,000 

2- Mid-Sacramento $10,000 to $12,000 

3- Feather River $15,000 to $17,000 

4- Lower Sacramento $18,000 to $20,000 

5- Delta North $12,000 to $14,000 

6- Delta South $12,000 to $14,000 

7- Lower San Joaquin $15,000 to $17,000 

8- Mid-San Joaquin $11,000 to $13,000 

9- Upper San Joaquin $11,000 to $13,000 

4.1.2 Agricultural Conservation Easements 

Agricultural conservation easements include lands on the landward side of 
levees that will be preserved in current land use (primarily agriculture). 
This will also reduce future development in the floodplains.  While specific 
agricultural conservation easements (acreages) have not been identified at 
this time, the assumptions for the distribution of agricultural conservation 
easements are listed in Table 4-3.  The cost for agricultural conservation 
easements is estimated to be 35 percent of the cost to purchase lands (listed 
in Table 4-2).  Agricultural conservation easement costs estimated at 35 
percent of the actual land-use costs are based on the range of agricultural 
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easement costs from other projects in the Central Valley identified by 
DWR Flood Projects Office and Flood Maintenance Office. 

Table 4-3.  Agricultural Conservation Easements 

Region Area (acres) 

1- Upper Sacramento 5,000 to 10,000 

2- Mid-Sacramento 10,000 to 15,000 

3- Feather River 15,000 to 25,000 

4- Lower Sacramento 5,000 to 10,000 

5- Delta North 5,000 to 10,000 

6- Delta South 10,000 to 15,000 

7- Lower San Joaquin 0 to 0 

8- Mid-San Joaquin 10,000 to 15,000 

9- Upper San Joaquin 10,000 to 15,000 

Total 70,000 to 115,000 

4.1.3 Ecosystem Restoration and Enhancement 

The ecosystem restoration and enhancement elements are integrated within 
two of the approaches and are primarily associated with the system 
improvements.  These include development of habitat within the flood 
corridor described in this section, and fish passage improvements that are 
presented in the Flood System Structures section. 

The ecosystem restoration and enhancement elements include the costs for 
making environmental enhancements to the lands acquired for bypass 
expansions to improve habitat and provide for a more contiguous habitat 
throughout the flood protection system.  The land acreage estimates are 
based on individual bypass areas identified in the CVFPP.  Acreages 
estimates based on GIS analysis are listed in Table 4-4. These reflect a 
fairly uniform distribution of the acreage throughout the area where bypass 
expansions are planned. This may be modified, based on future studies, to 
reflect environmental conservation priorities. 

For planning purposes, it was estimated that 25 percent of the lands 
acquired for bypass expansion would be developed for environmental 
conservation.  The remaining 75 percent of the lands (not used for levee 
construction) would be leased back to farmers for environmentally friendly 
agricultural practices such as planting of corn, rice, and other grains. For 
the Sutter Bypass Expansion it was assumed that 50 percent of the lands 
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acquired for the bypass expansion would be developed for environmental 
conservation. 

The costs for environmental conservation are estimated to range from 
$35,000 to $45,000 per acre. These cost estimates are based on recent 
environmental conservation in the Sacramento River Basin identified by 
DWR Division of Flood Management, which includes activities such as 
permitting and planting native vegetation. 

The Enhanced Flood System Capacity Approach and the State Systemwide 
Investment Approach include $50 million for ecosystem improvement 
projects associated with the Upper San Joaquin River Restoration. 

Table 4-4.  Environmental Conservation Acreages 
Name Region Area (acres) 

Feather River Bypass Feather River 1,300 

Sutter Bypass Expansion Feather River 2,000 

Yolo Bypass Expansion 
Lower Sacramento and Delta 
North 

6,500 

Sacramento Bypass Expansion Lower Sacramento 400 

Lower San Joaquin Bypass 
Expansion 

Delta South 300 

Total  10,500 

4.1.4 Levee Improvements for New and Expanded 
Bypasses 

Improvements to the flood protection system levees for bypass expansion 
are intended to cost effectively expand the capacity of the SPFC by 
removing known flow constraints and increase the capacity of the bypasses 
to carry more water at a lesser stage.  This approach includes building new 
levees where needed to extend or expand the bypass capacity and, where 
appropriate, make improvements to existing levees to bring them up to 
current levee performance criteria.  In the case of expanded bypasses, the 
approach only moves the levee on one side of the bypass to provide the 
increased capacity, and improves the levee on the other side to meet the 
current performance standards.  For purposes of this analysis, generally 
levees on the uphill side of the bypass would be improved while the levees 
on the downhill side of the bypass would be relocated.  The specifics of the 
system levee improvements are described below. 

New Levee Construction 
New levee construction includes levees needed to construct new or 
expanded bypasses identified in the CVFPP.  The levee lengths were 
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estimated based on GIS analysis at the specific levee locations listed in 
Table 4-5. These lengths are rounded up to the nearest half mile. Costs for 
the new levee construction are estimated to range from $22 million (low) to 
$26 million (high) per levee mile.  These estimates are based on recent 
urban levees constructed for SAFCA and Three Rivers Levee Improvement 
Authority (TRLIA) projects. 

Table 4-5.  New Levees Needed for System Improvements 

Name Region Length 
Estimated Range 

of Costs 
($ millions) 

Cherokee Canal – left bank Feather River 15.5 miles $341 to $403 

Sutter Bypass – left bank Feather River 15 miles $330 to $390 

Sacramento Bypass – left 
bank 

Lower Sacramento 2.0 miles $44 to $52 

Yolo Bypass near Freemont 
Weir left bank 

Lower Sacramento 2.5 miles $55 to $65 

Yolo Bypass upstream of 
Putah Creek – right bank 

Lower Sacramento 16.5 miles $363 to $429 

Yolo Bypass downstream of 
Putah Creek and near Rio 
Vista – right bank 

Delta North 18.5 miles $407 to $481 

Lower San Joaquin Bypass 
Expansion Paradise 
Cut/San Joaquin River – left 
bank 

Delta South 7.5 miles $165 to $195 

Total  77.5 miles $1,705 to $2,015 

Improving Existing Levees 
This component includes improving existing levees that provide a system 
benefit as identified in the CVFPP.  The levee lengths were estimated based 
on GIS analysis.  Levee lengths are based on the specific levee locations 
listed on Table 4-6.  The cost estimates range from $14 million (low) to 
$18 million (high) per levee mile. The cost estimates are based on per-mile 
estimates from the DWR Levee Evaluations Program included in 
Attachment 8J, Appendices B and C. The selected levee improvements for 
expanding and extending the bypass system required a total of 77.5 miles 
of new levees and improvements to 23.5 miles of existing levees. 
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Table 4-6.  Levee Repairs Needed for System Improvements 

Name Region Length 
Estimated 

Range of Costs 
($ millions) 

Cherokee Canal – right bank Feather River 15.0 miles $210 to $270 

Sacramento Bypass – right 
bank 

Lower Sacramento 2.0 miles $28 to $36 

Lower San Joaquin Bypass 
Expansion Paradise 
Cut/San Joaquin River – 
right bank 

Delta South 6.5 miles $91 to $117 

Total  23.5 miles $329 to $423 

4.1.5 Flood System Structures 

In addition to the improvements and expansion of the levee system 
identified above, improvements are needed to existing hydraulic structures 
to improve the ability to move flood waters into and out of the bypass 
system, and provide additional ecosystem benefits such as supporting 
improved fish passage (described below).  The major flood system 
structures are identified in Table 4-7.  Where available, facility-specific 
cost estimates were used for the new system improvements.   When no 
information was available for identified new facilities, the facility-specific 
cost estimates were used to guide cost estimates.  Costs for additional 
improvements needed to increase or restore capacity for existing facilities 
were identified and estimated by the DWR Flood Maintenance Office. 



Attachment 8J: Cost Estimates –  
Appendix A. CVFPP Cost Estimate Methodology 

4-8 February 2012 

Table 4-7.  Flood System Structures Included in System 
Improvements 

Major Flood System Structures Region 

Estimated 
Range of 

Costs 
($ millions) 

Intake  Structure for Feather River Bypass Feather River $30 to $35 

Butte Basin Small Weir Structures Upper Sacramento $15 to $20 

Upgrade and Modification of Colusa and 
Tisdale Weirs and Modification to County 
B id

Mid-Sacramento $25 to $35 

Freemont Weir Widening Mid-Sacramento $25 to $40 

Sacramento Weir Widening and Automation Lower Sacramento $200 to $240 

Gate Structures and/or Weir for new Lower 
San Joaquin Bypass (Paradise Cut) 

Delta South $20 to $25 

Upgrade Structures in the Upper San Joaquin 
Bypasses (includes Chowchilla, Mariposa, 
and East Side Bypasses) 

Upper San Joaquin $45 to $55 

Low Level Reservoir Outlets on New Bullards 
Bar 

Feather River $35 to $50 

Identified Flood Structure Improvements Various $133 to $192 

TOTAL  $528 to $692 

4.1.6 Fish Passage Structures 

Additional ecosystem benefits such as supporting improved fish passage 
can be included in the expansion and improvements to the bypass system as 
identified above.  Fish passage improvement opportunities include 
primarily projects located within the SPFC, but also include additional 
projects located outside the SPFC that are critical to fish passage through 
the SPFC. Fish passage priorities developed based on information from the 
CVFPP Attachment 9C: Fish Passage Assessment. 

No detailed costs estimates are available for the fish passage improvements 
being considered at this time, so the costs were approximated using 
information from other comparable projects.  A 2003 draft report of 
alternative fish passage improvement projects on the Yuba River at 
Daguerre Point Dam that evaluated eight concepts for improving fish 
passage with costs ranging from $2.5 million to $97 million was used to 
bookend potential fish passage improvement costs.  This report 
demonstrates the potential range of costs for an individual fish passage 
improvement project, which depends on location, number, and size of the 
required improvements. The projects identified at this time (and their 
estimated project costs) are listed in Table 4-8. 
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Table 4-8.  Fish Passage Improvements Included in System 
Improvements 

Major Fish Passage Improvement 
Structures 

Region 

Estimated 
Range of 

Costs 
($ millions) 

Sutter Bypass and Streams East of Butte Basin Feather River $80 to $85 

Fremont Weir Improved Fish Passage 
Lower 
Sacramento 

$15 to $20 

Yolo Bypass Fish Passage Improvements/Willow 
Slough Weir 

Lower 
Sacramento 

$30 to $40 

Deer Creek Project 
Upper 
Sacramento 

$5 to $10 

TOTAL  $110 to $155 

Additional activities to improve fish passage include the following. 

• Fish Passage Collaboration – This component includes collaboration 
activities with the U.S. Department of the Interior, Bureau of 
Reclamation and other agencies to advance fish passage opportunities.  
Costs for these activities are estimated at $25 million, and are included 
in the risk assessment, feasibility, engineering, and permitting of the 
fish passage projects. The collaboration activities may include the 
following reservoirs: 

- Shasta 

- Keswick 

- Cottonwood 

- Red Bluff Diversion 

- New Bullards Bar 

- Daguerre Point 

- Englebright 

- Thermalito Diversion 

- Oroville dams 

- New Melones 

- Tulloch 

- Camanche 

- Pardee 

- Don Pedro 

- New Hogan 
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- Exchequer 

- Webster 

- La Grange 

- McSwain  

- Friant 

- Goodwin 

• Fish Passage Feasibility Studies – This component includes fish 
passage assessments and feasibility studies to improve fish passage 
opportunities for SPFC facilities.  Costs for these activities are included 
in the risk assessment, feasibility, engineering, and permitting, of the 
residual risk management cost element. 

4.1.7 Reservoir Operations – Forecast-Coordinated 
Operations/Forecast-Based Operations 

Forecast-Coordinated Operations and Forecast-Based Operations provide 
systemwide flood benefits by supporting the coordinated reoperation of 
multiple reservoirs on both the Sacramento River Basin (up to seven 
reservoirs) and the San Joaquin River Basin (up to eight reservoirs).  The 
costs are estimated to range from $4.5 million to $6.0 million per reservoir 
to develop F-CO/F-BO capabilities.  The total cost for this component is 
estimated to range from $69 to $90 million. These costs are estimated 
based on current F-CO project costs for Yuba-Feather River Basin 
Forecast-Coordinated Operations.  The range of costs for this element was 
reviewed by the DWR Hydrology and Flood Operations Office. 

4.1.8 New Reservoir Flood Storage/Enlarge Flood Pool 

This flood management component includes additional storage developed 
in existing foothill reservoirs, either through physical improvements to the 
facilities or for the costs to replace water supply lost through increasing the 
flood storage conservation pool. 

It should be noted that the enlargement of Folsom Dam to provide 
additional flood storage has already been authorized as part of the 
improvements to increase the level of flood protection to the City of 
Sacramento, so it is included in the urban improvements. Raising Shasta 
Dam to increase the flood conservation pool was also considered, but is not 
included because it was not determined to be cost effective for flood 
management. The costs presented in Table 4-9 are estimated based on prior 
reports.  Some of the data sources used to estimate the range of costs for 
new flood storage or multipurpose facilities or replacement for water 
supplies to mitigate for storage reallocation or reoperation include: 



4.0 Flood Management Elements 

February 2012 4-11 

• Shasta Lake Water Resources Investigation (Reclamation, 2011) 

• North of Delta Offstream Storage (DWR, 2010) 

• Upper San Joaquin River Basin Storage Investigation (Reclamation, 
2008) 

• Formulation and Analysis of Alternatives for Supplemental Flood 
Control Program on the Yuba River (YCWA, 1999) 

Table 4-9.  New Reservoir Flood Storage 

New Reservoir Storage Region 

Estimated 
Range of 

Costs 
($ millions) 

Lake Oroville and New Bullards Bar Feather River $200 to 300 

Don Pedro and McClure Reservoirs Mid-San Joaquin $400 to $600 

Friant Dam  or New Upstream Reservoir 
Upper San 
Joaquin 

$500 to $1,500 

Total  $1,100 to $2,400 

4.1.9 Easements 

Easements include the temporary and periodic storage of peak flood flows 
from adjacent rivers or waterways through the modification of certain 
floodplain areas acquired through easement or fee title.  While specific 
transitory storage locations were not identified, the regional assumptions of 
the need for and corresponding costs for transitory storage are listed in 
Table 4-10.  These estimates are based on the assumption of needing 
approximately 200,000 acre-feet of storage in the Sacramento River Basin, 
and 100,000 acre-feet of storage in the San Joaquin River Basin, based on 
preliminary hydraulic modeling studies. Additional facilities such as flow 
control structures are needed in addition to the acreage requirements listed 
in Table 4-10.  The costs include estimates for the easements and facilities.  
The land acreage costs were estimated to be 60 percent of the region’s land 
purchase costs listed in Table 4-2 for the low and high ends of the range.  
Additional information about the land costs is included in Attachment 8J, 
Appendices B-E. Table 4-10 includes the costs for the additional facilities 
needed to move water into and out of the easements.  The costs for these 
facilities were estimated using the approach used to estimate the new flood 
structures listed above. 
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Table 4-10.  Easements 

Region Area (acres) 
Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 10,000 to 15,000 $165 to $213 

2- Mid-Sacramento 20,000 to 25,000 $275 to $355 

3- Feather River 5,000 to 10,000 $140 to $172 

4- Lower Sacramento None $0 

5- Delta North None $0 

6- Delta South None $0 

7- Lower San Joaquin None $0 

8- Mid-San Joaquin 10,000 to 15,000 $174 to $222 

9- Upper San Joaquin 5,000 to 10,000 $116 to $148 

Total 50,000 to 75,000 $870 to $1,110 

4.1.10 System Erosion and Bypass Sediment Removal 
Projects 

System erosion and bypass sediment removal projects address the need to 
remove sediment that has accumulated over time in the bypasses and 
behind weirs.  These projects are necessary to maintain proper functioning 
of the bypass system.  While sediment removal can be considered a routine 
operations and maintenance (O&M) cost, these projects identified here 
represent specific large-scale projects that have been identified at this point 
in time as a result of deferred maintenance. It is anticipated that 
maintenance will be performed on a routine and ongoing basis to avoid 
such projects in the future.  Table 4-11 lists the sediment removal projects 
included as part of the system improvement flood management 
components. 
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Table 4-11.  System Erosion and Bypass Sediment Removal 

Region 
Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento None 

2- Mid-Sacramento 
Cache Creek Settling Basin Sediment Management 
Project 

$30 to $35 

3- Feather River None 

4- Lower Sacramento 
Sacramento System Sediment Remediation 
Downstream from Weirs 

$30 to $40 

5- Delta North None 

6- Delta South  None 

7- Lower San Joaquin  None 

8- Mid-San Joaquin None 

9- Upper San Joaquin  None 

Total $60 to $75 

4.2 Urban Improvement Element 

Urban areas located within the areas protected by the facilities of the SPFC 
and non-SPFC appurtenant facilities are defined as a developed area in 
which there are 10,000 residents or more. The SPFC provides flood 
protection to close to 1 million people living in urban areas.  The urban 
areas located within the SPFC are generally concentrated in a few regions 
(Feather River, Lower Sacramento, and Lower San Joaquin) in the 
Sacramento and San Joaquin river basins as shown on Figures 4-2 and 4-3. 

Three options are considered for urban improvements. 

4.2.1 Option 1: 200-Year Level of Protection Projects 

In this option, the urban areas are looking to achieve an urban level of 
protection that is defined as the ability to withstand flooding that has a 1-in-
200 chance of occurring in any given year using criteria consistent with, or 
developed by, the DWR. 

DWR Flood Project Office compiled a list of projects and preliminary cost 
estimates for achieving 200-year level of flood protection in the Central 
Valley.  This list was compiled using information provided by local 
agencies to DWR. Table 4-12 lists projects that were identified for 
inclusion as urban improvements. 
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Because many of these projects have a higher level of engineering and 
include allowances for engineering contingencies in their estimates, the risk 
assessment, feasibility, engineering, and permitting costs are set at 20 
percent of the estimated project cost instead of 25 percent as is for the other 
improvements. This markup is included on the project list shown in Table 
4-12. 

A project cost was provided by DWR Flood Projects Office for each urban 
area. For purposes of this cost estimate, these were estimated to be low 
cost. In most cases, the low project cost estimate was increased by 20 
percent to provide the high end of the cost estimate.  For projects that have 
advance design studies, or are in progress or completed, the low and high 
costs are the same (i.e. 0 percent increase between low and high estimate). 
These  projects also have a higher level of engineering already completed 
compared to other urban improvement projects, so there are no additional 
risk assessment, feasibility, engineering, and permitting costs included in 
the estimates. 

Option 1 costs are used in the Protect High-Risk Communities Approach, 
Enhance Flood System Communities Approach, and the SSIA. 

Table 4-12.  Flood Risk Reduction Projects Included in Urban 
Improvements 

Name Region 
Estimated Range of 
Costs ($ millions) 

Chico Urban Levee Improvements Upper Sacramento $100.0 to $120.0 

Sutter County Feasibility Study Feather River $8.5 to $10.2 

Feather River West Levee SBFCA Feather River $245.0 to $294.0 

LD1-EIP-Lower Feather River Setback 
Levee at Star Bend * 

Feather River $20.8 

Marysville Ring Levee Reconstruction Feather River $161.9 to $194.3 

Yuba River Basin GRR Feather River $15.4 to $18.5 

TRLIA – EIP – Feather River Levee 
Improvement Project  

Feather River $222.0 to $266.4 

TRLIA – EIP – Upper Yuba River Levee 
Improvement Project * 

Feather River $68.0 

RD 2103 EIP - Bear River North Levee 
Rehabilitation * 

Feather River $18.2 

American River Common Components 
Project/GRR 

Lower Sacramento $12.8 to $15.4 

American River Common Components-
WRDA96/99 Projects/Remaining Sites 

Lower Sacramento $282.0 to $338.4 

Folsom Dam Modifications  - Joint Federal 
Project (Gated Auxiliary Spillway) 

Lower Sacramento $800.0 to $1,000.0 
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Table 4-12.  Flood Risk Reduction Projects included in Urban 
Improvements (contd.) 

Name Region 
Estimated Range of 
Costs ($ millions) 

Folsom Dam Raise – Reservoir 
Enlargement 

Lower Sacramento $125.0 to $130.0 

Folsom Dam Raise,  Bridge Element and 
Implementation 

Lower Sacramento $130.0 to $140.0 

South Sacramento County Streams Lower Sacramento $104.0 to $124.8 

SAFCA-EIP-NCC Natomas Levee 
Improvement Project 

Lower Sacramento $70.0 to $84.0 

SAFCA-NLIP, Natomas Levee 
Improvement Project 

Lower Sacramento $310.0 to $372.0 

Natomas Basin Design and Construction Lower Sacramento $385.0 to $462.0 

Magpie Creek Project Lower Sacramento $9.8 to $11.8 

American River South and Sacramento 
River Future Improvements 

Lower Sacramento $500.0 to $600.0 

Slip Repair Lower Sacramento $53.0 to $63.6 

WSAFCA-EIP-CO West Sacramento Lower Sacramento $105.0 to $126.0 

West Sacramento Project GGR Lower Sacramento $10.0 to $12.0 

Woodland/ Lower Cache Creek Feasibility 
Study and Implementation 

Lower Sacramento $190.0 to $210.0 

Davis-Willow Slough Lower Sacramento $30.0 to $36.0 

Lower San Joaquin Feasibility Study Lower San Joaquin $15.4 to $18.5 

RD 17-EIP-100-Year Levee Seepage 
Area Project 

Lower San Joaquin $76.0 to $91.2 

Mormon Slough Bypass/ Stockton 
Diverter Canal 

Lower San Joaquin $40.0 to $48.0 

Smith Canal Closure Structure (EIP 
Project) 

Lower San Joaquin $30.0 to $36.0 

Merced County Streams Group (Bear 
Creek Unit) 

Upper San Joaquin $137.7 to $165.2 

TOTAL  $4,277.0 to $5,097.0 

Key:  
EIP = Early Implementation Program 
GRR = General Reevaluation Report 
LD = lacking sufficient data 
NCC = Natomas Cross Canal 
NLIP = Natomas Levee Improvement Project 

RD = Reclamation District 
SAFCA = Sacramento Area Flood Control Agency 
SBFCA = Sutter Buttes Flood Control Agency 
TRLIA = Three Rivers Levee Improvement 
Authority 
WSAFCA = West Sacramento Area Flood Control 
Agency 

Notes: 
* Construction of flood improvement project is completed. Not cost range is identified and contingencies for 
risk assessment, feasibility, and permitting are not applied.   
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4.2.2 Option 2: Urban Levee Improvements to Achieve 
SPFC Design Flow Capacity 

The ULE Program evaluated the condition of approximately 290 miles of 
SPFC urban levees and the cost of the necessary remediations.  The ULE 
Program cost estimates used in this analysis are based on achieving the 
SPFC design capacity, but may not necessarily provide the 200-year level 
of protection established as one of the goals of the CVFPP.  In this option, 
repairs to urban project levees were identified by the Urban Levee 
Evaluations Program.  Table 4-13 summarizes the extent of the levee 
repairs needed for the urban areas included in the ULE Program.  While 
this option improves the urban levees to achieve the SPFC design flow 
capacity, the actual level of flood protection varies with location and may 
not provide a 200-year level of flood protection.  Additional analysis is 
needed to determine the level of protection provided from implementation 
of this option. 

The levee repair lengths shown in Table 4-13 represent the repair lengths 
(determined independently) for structural remediations, erosion 
remediations, freeboard and geometry remediations, and pier wall or joint 
remediations.  As such, the repair lengths may differ from the total levee 
length shown in Table 4-13.  The costs used in Table 4-13 are estimates 
from the ULE Program (Attachment 8J, Appendix B) and were used as the 
low end of the costs estimate. 



4.0 Flood Management Elements 

February 2012 4-17 

Table 4-13.  SPFC Urban Levee Improvements from the Urban Levee 
Evaluation Program 

Urban Area Region 
Total Levee 

Length 
(Feet) 

Levee Repair
Length (Feet) 

Estimated Range
of Repair Costs 

($ millions) 

Marysville Feather River 39,220 43,830 $146 to $176 

RD 784 Feather River 22,940 35,750 $62 to $75 

Sutter Feather River 241,970 262,140 $790 to $948 

American River Lower Sacramento 9,910 9,910 $17 to $21 

Natomas NWS Lower Sacramento 40,040 40,040 $123 to $148 

Natomas EMDC 
East 

Lower Sacramento 38,000 30,740 $123 to $148 

Natomas EMDC 
West 

Lower Sacramento 76,880 79,120 $128 to $154 

Sacramento River Lower Sacramento 18,400 28,900 $174 to 209 

West Sacramento Lower Sacramento 84,600 77,620 $395 to $474 

Davis Lower Sacramento 96,500 139,550 $150 to $180 

Woodland Lower Sacramento 82,800 125,510 $168 to $202 

RD 17 Lower San Joaquin 50,400 48,500 $135 to $ 162 

RD 404 Lower San Joaquin 10,300 20,600 $26 to $32 

SJAFCA 
Calaveras River 

Lower San Joaquin 7,690 7,680 $22 to $27 

SJAFCA Bear 
Creek 

Lower San Joaquin 86,910 23,910 $17 to $21 

Total  906,560 973,280 $2,476 to $2,977 

4.2.3 Option 3: Non-SPFC Urban Levee Improvements  

This component includes improving existing non-SPFC urban levees.  
There are approximately 120 miles of non-SPFC urban levees that support 
the SPFC urban levees to provide some level of flood protection.  The 
levee lengths were estimated based on GIS analysis. The conditions of 
these levees will not be evaluated by ULE until 2013.   For purposes of this 
cost estimate it was assumed that some level of repair to these levees would 
be necessary to avoid having weak links in the urban flood protection.  
These levees are typically located on the tributary streams and not in the 
deep floodplain, so they may be smaller than other urban levees.  In 
addition, some of these levees in the Stockton area have already had some 
improvements completed through the efforts of the San Joaquin Flood Area 
Flood Control Agency. As a result, the improvements for the non-SFPC 
urban levees are lower than the SPFC urban levees (Attachment 8J, 
Appendix B) and are estimated to range from $6 million (low) to $8 million 



Attachment 8J: Cost Estimates –  
Appendix A. CVFPP Cost Estimate Methodology 

4-18 February 2012 

(high) per levee mile.  Table 4-14 presents the distribution of the non-SPFC 
levee miles and estimated costs used in this estimate. 

Option 3 costs are used in the Achieve SPFC Design Capacity Approach, 
Protect High-Risk Communities Approach, Enhance Flood System 
Communities Approach, and the SSIA. 

Table 4-14.  Non-SPFC Urban Levee Improvements 

Region 
Estimated Levee 
Length (miles) 

Estimated Range of Costs
($ millions) 

1- Upper Sacramento 0 $0 

2- Mid-Sacramento 0 $0 

3- Feather River 0 $0 

4- Lower Sacramento 40 $240 to $320 

5- Delta North 20 $120 to $160 

6- Delta South  0 $0 

7- Lower San Joaquin  60 $360 to $480 

8- Mid-San Joaquin 0 $0 

9- Upper San Joaquin  0 $0 

Total 120 $720 to $960 

Key: 
SPFC = State Plan of Flood Control

4.3 Rural-Agricultural Improvement Element 

The Rural-Agricultural Improvements flood management element 
addresses the flood protection needs of the largely agricultural rural areas 
and the small communities that are disbursed throughout these areas (both 
located within the area protected by the SPFC). 

In contrast to the urban areas, the rural-agricultural areas include a total 
population of approximately 100,000, which are disbursed throughout the 
areas protected by the SPFC.  In the Sacramento and San Joaquin river 
basins, much of the lands in the rural-agricultural areas are agricultural, and 
landowners cannot afford the level of flood protection proposed for the 
urban areas. 

For planning purposes, a cost improvement threshold of $30,000 per person 
(approximately $100,000 per household) threshold was established to 
determine the type and extent of improvements that may be practical and 
cost effective for the rural-agricultural areas.  Two methods are considered 
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to address the flood threat in rural-agricultural areas. If costs for structural 
methods exceed the threshold, then non-structural methods would be used, 
as follows: 

• Structural methods include repairs to existing rural-agricultural levees 
and/or the construction of new levees.  These include the small 
community improvements and the rural-agricultural levee 
improvements. 

• Nonstructural methods include flood-proofing houses or purchasing and 
relocating houses (estimated to be applied in the rural-agricultural 
areas).  These nonstructural methods are described later in the 
floodplain management element of residual risk management. 

4.3.1 Small Community Improvements 

There are small communities at high flood risk in the rural-agricultural 
areas.  Some of the small communities that are subject to flooding are 
located in low-lying areas or adjacent to the rivers and may already have 
some level of flood protection offered by existing levees.  Table 4-15 
presents the distribution of the small communities by region. 

Table 4-15.  Identified Small Communities within State Plan of Flood 
Control 

Region Small Communities 

1- Upper Sacramento  Durham, Gerber-Las Flores 

2- Mid-Sacramento  
Knights Landing, Glenn, Meridian, Colusa, Grimes, Butte 
City, Robbins, Princeton 

3- Feather River  
Verona, Biggs, Gridley, Live Oak, Sutter, Tierra Buena, 
Wheatland 

4- Lower Sacramento   

5- Delta North  
Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, 
Isleton 

6- Delta South   

7- Lower San Joaquin   

8- Mid-San Joaquin  Grayson 

9- Upper San Joaquin  Dos Palos, South  Dos Palos, Firebaugh 

Total  
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The assumptions for estimating the small community improvement costs 
are listed below.  Because the small community improvements are 
addressed differently in each approach, they are all described here and 
summarized in Table 4-16.  Attachment 8J, Appendix D, provides 
additional information about the small community cost estimates. 

Table 4-16.  Comparison of Levee Improvements for Small 
Communities 

 

Achieve 
SPFC 

Design 
Flow 

Capacity 
Approach 

Protect High 
Risk 

Communities 
Approach 

Enhance 
Flood 

System 
Capacity 
Approach 

State 
Systemwide 
Investment 
Approach 

Number of 
Communities 
Receiving Improved 
Flood Protection from 
System, Urban or 
Rural-Agricultural 
Improvements 

27 5 16 5 

Number of 
Communities Explicitly 
Protected by Small 
Community 
Improvement 

None 22 11 15 

Number of 
Communities 
Receiving Benefits 
from Improved 
Floodplain 
Management  

None None None 7 

Approximate New 
Levee Miles 

None N/A 601 403 

Approximate Fixed 
Levee Miles 

602 N/A 602 403 

Combined Fixed/New 
Levee Miles 

None 120 N/A 80 

Estimated Population  
benefited from Small 
Community 
Improvement 

None 47,000 47,000 39,000 

Estimated Cost None $1,003 million $344 million $555 million 
Notes: 
1  Estimated one-half of the total levee miles for the small communities would be new. 
2  Existing levees around small communities would be improved as part of the recommendations from 
the Non-Urban Levee Evaluation Program.  Estimated one-half of the total miles would receive repairs. 
3  The 80-mile estimate is the total length of new levees (40-miles) and improved levees (40-miles) 
needed to protect the selected 15 communities. 
Key: 
N/A = Not Applicable 
SPFC = State Plan of Flood Control 
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4.3.2 Rural-Agricultural Levee Improvements 

The facilities of the SPFC currently provide flood protection to rural-
agricultural areas through the approximately 1,200 miles of rural-
agricultural levees.  These levees provide varying degrees of flood 
protection to different areas, and differ in their condition and state of repair.  
The need for improvements to the rural levee system has been recently 
identified though two separate options: 

• Option1 – Site-specific rural-agricultural improvements 

• Option 2 – NULE Program 

Option 1: Site Specific Rural-Agricultural Improvements 
The alternative rural-agricultural improvements include improvements 
identified from recent levee inspections and other levee deficiencies as 
described below. 

• 2011 Levee Inspection Reports for the Sacramento and San 
Joaquin Basins – The results of the 2011 inspections identified more 
than 40 miles of levee repairs on the nonurban levees of the SPFC in 
both the Sacramento and San Joaquin river basins.  These include 
repairs on the water side and land side of the levees. The levee repair 
lengths and estimated repair costs are summarized by region in Table 4-
17.  Cost estimates were provided by DWR Flood Maintenance Office. 

• Levee Improvements – Levee improvements includes levee freeboard 
improvements identified in the NULE Program (Attachment 8J, 
Appendix C – Non-Urban Levee Evaluations Project Remediation 
Alternatives and Cost Estimate Report). Improvements are estimated 
for all rural levees (1,200 miles) less system bypass levees 
(approximately 350 miles) by region.  Table 4-18 includes the 
estimated distribution of levee miles and approximate costs. 
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Table 4-17.  Erosion Repair Needs and Cost Estimate per Region 

Region 
Erosion 
Length 
(feet) 

Repair 
Length 
(feet) 

Estimated Costs ($ 
millions) 

1- Upper Sacramento 628 942 $2.3 

2- Mid-Sacramento 31,607 47,410 $118.5 

3- Feather River 7,416 11,125 $27.8 

4- Lower Sacramento 6,306 9,460 $23.7 

5- Delta North 83,308 124,962 $312.4 

6- Delta South 4,830 7,245 $18.1 

7- Lower San Joaquin 1,255 1,882 $4.7 

8- Mid-San Joaquin 2,535 3,802 $9.5 

9- Upper San Joaquin 1,570 2,355 $5.9 

Total 139,455 289,183 $522.9 

Table 4-18.  Levee Improvements 

Region 
Rural Levee 

Length (miles) 
Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 71 $46 to $57 

2- Mid-Sacramento 211 $62 to $77 

3- Feather River 72 $24 to $30 

4- Lower Sacramento 23 $37 to $46 

5- Delta North 202 $93 to $117 

6- Delta South 54 $18 to $22 

7- Lower San Joaquin 38 $8 to $10 

8- Mid - San Joaquin 51 $25 to $31 

9- Upper San Joaquin 128 $19 to $24 

Total 850 $332 to $414 

Option 2: Non-Urban Levee Evaluation Program 
The purpose of the NULE Program was to determine the approximate cost 
to repair non-urban project and non-project levees in the Sacramento and 
San Joaquin river basins.  The results of these efforts are summarized in 
Attachment 8J, Appendix C – Non-Urban Levee Evaluations Project 
Remediation Alternatives and Cost Estimate Report, and include 
remediation alternatives to address deficiencies and determine likely 
conceptual planning-level remediation costs.  The deficiencies identified in 
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the Geotechnical Assessment Report (GAR) included under seepage, 
through seepage, stability, erosion, and freeboard/geometry deficiency that 
could exist along levee segments for the design basis water level.  The 
deficiencies were identified based on limited, existing surface and 
subsurface levee data and past performance history. The costs of the 
nonurban levee repairs are summarized by region in Table 4-19. 

These estimates include repairs to SPFC project levees only.  The NULE 
cost estimates for non-project levees were removed from the cost estimate 
because the non-project levees were not included in the CVFPP. The State 
may choose to participate in funding improvements for non-SPFC levees 
under other State programs.  Each levee segment is characterized based on 
its hazard level, as defined below. 

• Hazard Level A – When water reaches the assessment water-surface 
elevation (WSE), there is a low likelihood of either levee failure or the 
need to flood-fight to prevent levee failure. 

• Hazard Level B – When water reaches the assessment WSE, there is a 
moderate likelihood of either levee failure or the need to flood-fight to 
prevent levee failure. 

• Hazard Level C – When water reaches the assessment WSE, there is a 
high likelihood of either levee failure or the need to flood-fight to 
prevent levee failure. 

• Lacking Sufficient Data (Category LD) – The segment is currently 
lacking sufficient data about past performance or hazard indicators to 
be able to assign a hazard level, or there is poor correlation between 
past performance and hazard indicators. 

In the CVFPP, these hazard designations are identified as listed below: 

• Low Concern (Hazard Level A)  

• Medium Concern (Hazard Level B)  

• High Concern (Hazard Level C) 

All deficiencies categorized as B, C, or LD were estimated to require 
remediation. Segments with an overall Category A classification that had a 
freeboard/geometry deficiency were remediated for the freeboard/geometry 
deficiency. 
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Table 4-19.  Non-Urban Levee Evaluation Program 

Region 
Corresponding 

Geotechnical Assessment 
Report Area 

Estimated Cost 
($ millions) 

1- Upper Sacramento NULE North GAR 1 $408 

2- Mid-Sacramento NULE North GAR 2 $2,577 

3- Feather River NULE North GAR 3 $1,630 

4- Lower Sacramento NULE North GAR 4 $1,147 

5- Delta North NULE North GAR 5 $3,111 

6- Delta South NULE South GAR 1 (70%) $503 

7- Lower San Joaquin NULE South GAR 1 (30%) $272 

8- Mid-San Joaquin NULE South GAR 2 $378 

9- Upper San Joaquin NULE South GAR 3 $1,043 

Total  $11,069 

Key: 
GAR = Geotechnical Assessment Report 
NULE = Non-Urban Levee Evaluation 

4.3.3 Setback Levees 

This component includes the construction of setback levees at nine 
locations in the Sacramento and San Joaquin river basins.  These projects 
include the replacement of approximately 93 miles of levees with 65 miles 
of new levees and the in-place repair of 60 miles of levees.  These projects 
will require the purchase of between 26,000 and 35,000 acres for the 
setback areas and associated lands that are part of the same land parcels.  
As part of these projects, the levees that are being replaced will have to be 
removed.  Ecosystem restoration of the lands, returned to the floodplain 
will take place through the natural riverine processes (no additional 
restoration activities are included in this cost estimate). These projects have 
limited hydraulic impact/benefit, but do provide for localized improved 
levees and add lands to the floodplain.  The project cost estimates listed in 
Table 4-20 were developed based on Attachment 8J –Appendix E – Flood 
Corridor Expansion. 
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Table 4-20.  Setback Levees 

Location Region Range of Estimated 
Cost ($ millions) 

FTR_01 Feather River $380 to $520 

MSAC_01 Mid-Sacramento $ 200 to $300 

MSAC_02 Mid-Sacramento $390 to $550 

MSA_03 Mid-Sacramento $350 to $490 

LSJ_01 Lower San Joaquin $360 to $510 

LSJ_02 Lower San Joaquin $340 to $480 

MSJ_01 Mid-San Joaquin $400 to $540 

USJ_01 Upper San Joaquin $270 to $380 

USJ_02 Upper San Joaquin $560 to $760 

Total  $3,250 to $4,530 

4.4 Residual Risk Management Element 

Residual risk management addresses the additional efforts needed to 
provide flood protection beyond capital flood protection projects included 
in the other flood management elements.  While the residual risk 
management element included components that support improved flood 
protection throughout the system, it focuses on providing supplemental 
flood protection in the rural-agricultural areas.  It includes three 
components: 

1. Enhanced flood emergency response. 

2. Enhanced O & M. 

3. Floodplain management. 

Each of these is described below. 

4.4.1 Enhanced Flood Emergency Response 

Even with the major physical improvements to the flood management 
system, the risk of flooding can never be entirely eliminated.  The Central 
Valley floodplains will always be at risk of flooding, whether from 
unanticipated facility failures or extreme storm events.  This component 
supports additional planning and response efforts in preparation of flood 
events beyond the current level of each of these components, and supports 
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real-time communications. The enhanced flood emergency response 
components include: 

• All-weather roads on levee crowns 

• Additional flood information collection and sharing 

• Local flood emergency response planning 

• Additional forecasting and notification 

All-weather Roads on Levee Crowns 
This component includes construction of all-weather roads on the levee 
crowns for rural-agricultural levees, which will improve access to inspect 
levees and flood-fighting activities during high-water events. This 
component includes approximately 1,200 miles of SPFC) of rural-
agricultural levees.  This one-time estimated cost is $50,000 per mile, 
based on estimates from the DWR Flood Maintenance Office. 

The Achieve SPFC Design Flow Capacity Approach and the Enhanced 
Flood System Capacity include the All-weather roads as part of the NULE 
levee improvements.  The Protect High Risk Communities does not include 
this improvement.  The State Systemwide Investment Approach includes 
this improvement as part of Residual Risk Management. 

Additional Flood Information Collection and Sharing 
This component includes the additional (beyond current levels of 
implementation) identification and notification of the flood hazards to 
residents, broadcasting real-time flood information to rural-agricultural 
areas, mapping evacuation routes and providing them to the public, and 
increasing the number of flood monitoring stations in rural areas.  For 
planning purposes, the cost is estimated to be a one-time expenditure of 
$30 million per region.  The level of effort is estimated from the DWR 
Hydrology and Flood Operations Office. The implementation of this 
component varies among the approaches based on the level of rural-
agricultural levee improvements in the given approach. 

Local Flood Emergency Response Planning 
This component includes assisting local agencies preparing flood 
emergency response plans, training local agencies in flood patrolling and 
flood-fighting, conducting flood exercises with local agencies, and 
developing communication tools and processes for improved flood 
emergency response. 
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Implementation of this component is focused at the LFPZs within the 
SPFC. For planning purposes, the one-time cost for assisting local agencies 
is estimated to range from $500,000 to $600,000 per LFPZ. The level of 
effort is estimated from the DWR Hydrology and Flood Operations Office. 
Table 4-21 lists the number of LFPZs each region, and an estimated range 
of costs. 

The Delta North Region costs include $85 million for a one-time purchase 
of Delta flood-fight materials and $5 million for increased Delta 
communications.  
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Table 4-21.  Local Flood Emergency Response Planning Costs 

Region 
Levee Flood 

Protection Zones 
Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 10 $5 to $6 

2- Mid-Sacramento 16 $8 to $10 

3- Feather River 25 $13 to $15 

4- Lower Sacramento 38 $19 to $23 

5- Delta North 19 $95 to $97 

6- Delta South 17 $9 to $11 

7- Lower San Joaquin 37 $19 to $23 

8- Mid-San Joaquin 19 $10 to $12 

9- Upper San Joaquin 40 $20 to $24 

Total 221 $198 to $221 

Additional Forecasting and Notification 
This component includes additional efforts (beyond current levels) focused 
at improving the timing and accuracy of flood forecasts, developing 
additional forecasting points to effectively serve rural communities, and 
developing additional methods to distribute forecasts to rural areas. For 
planning purposes, the one-time costs are estimated to total about $10 
million per region. The level of effort is estimated from the DWR 
Hydrology and Flood Operations Office. It should be noted that improving 
the flood protection system may reduce the flood risk, but no activity 
completely removes the residual risk, so forecasting and notification is 
needed in all approaches. 

4.4.2 Enhanced Operation and Maintenance 

This component provides for future O&M of the flood protection system in 
response to the continuous activities to keep the SPFC facilities in good 
working order.   Even with the significant capital improvements to the 
flood management system, the risk of flooding can never be entirely 
eliminated.  The enhanced O&M components include: 

• Identification and repair of after event erosions 

• Develop and implement enhanced O&M 

• Sacramento channel and levee management, and bank protection 
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Identification and Repair After-Event Erosions 
This component includes one-time costs for inspecting the flood system 
after any major flood event to identify new threats to the flood system, and 
repair them before they become major repair projects. For planning 
purposes, the level of effort was estimated for the State Systemwide 
Investment Approach at approximately $10 million per year. The 
implementation of this component is expected to vary on a year-to-year 
basis.  Additionally, this level of effort was scaled up or down for each 
approach, based on the magnitude of rural levee repairs planned to be 
completed for each of the three approaches. Approaches with larger rural 
levee improvements would have a lesser need compared to approaches with 
no or little rural levee improvements.  The more significant the levee 
repairs to address existing erosion sites, the smaller the expected erosion 
repairs need after future high-water events. Table 4-22 lists the level of 
implementation of this flood management component in each of the four 
CVFPP approaches. These costs are distributed among all the regions based 
on the number of rural project levees. 

Table 4-22.  Identification and Repair of After Event Erosion 
Implementation 

Approach Implementation 
Estimated Range 

of Costs ($ 
millions) 

Achieve SPFC 
Design Flow 
Capacity Approach 

Past problems would have been addressed 
as part of  the  repairs to rural levees as 
defined in the NULE Program, so it is 
expected that future levee erosion 
problems would be reduced through these 
repairs 

$119 to $150 

Protect High Risk 
Communities 
Approach 

Past problems would not be addressed, so 
there is a greater need to address past 
levee deficiencies 

$456 to $600 

Enhance Flood 
System Capacity 
Approach 

Past problems would have been addressed 
as part of  the  repairs to rural levees as 
defined in the NULE Program, so it is 
expected that future levee erosion 
problems would be reduced through these 
repairs 

$119 to $150 

State Systemwide 
Investment 
Approach 

Some rural levee repairs will address some 
of the historic levee repair needs thereby 
preventing them from becoming large 
issues in the future, which will require 
greater efforts to repair. 

$231 to $300 

Key: 
NULE = Non-Urban Levee Evaluation 
SPFC = State Plan of Flood Control 
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Develop Enhanced O&M Programs and Regional Maintenance 
Organizations 
This component includes the development and implementation of enhanced 
O&M programs and establishment of regional maintenance organizations.  
For planning purposes, the cost for this component is estimated to total $5 
million per year for 25 years (total of $125 million).  The funds will be 
regionally distributed, based upon distribution of LFPZs.  Implementation 
of this component will be the same in each of the four CVFPP approaches. 

Sacramento Channel and Levee Management, and Bank Protection 
This component includes the Sacramento River Bank Protection Program 
and the Channel and Levee Management Program.  

The cost for this component is estimated to total $4 million to $5 million 
per year for 25 years (total of up to $125 million) with the distribution of 
the funds generally reflecting the number of rural miles per region.  This 
estimate is based on the recent annual expenditures for this program. Table 
4-23 lists the estimated distribution of funds for implementation of this 
flood management component.  It will be implemented in each of the four 
CVFPP approaches. 

Table 4-23.  Sacramento Channel and Levee Management, and Bank 
Protection Implementation 

Region 
Rural Levee 

Length (miles) 
Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 71 $12 to $15 

2- Mid-Sacramento 301 $53 to $65 

3- Feather River 162 $28 to $35 

4- Lower Sacramento 43 $7 to $10 

5- Delta North 0 $0 

6- Delta South 0 $0 

7- Lower San Joaquin 0 $0 

8- Mid-San Joaquin 0 $0 

9- Upper San Joaquin 0 $0 

Total 0 $100 to $125 

4.4.3 Floodplain Management 

This component focuses on activities in the floodplain to reduce the 
existing flood threat and support changes in land uses to reduce future 
flood threat in rural areas.  It includes improvements to individual houses to 
protect them from flood waters (by raising them or flood-proofing them) or 
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purchasing them to remove them from the threat of future floods.  
Floodplain management is important and necessary because it presents a 
cost-effective approach to protect houses or remove them from the threat of 
flooding.  These activities can be done in a more cost-effective manner than 
trying to protect every single house from flooding. 

The floodplain management component is intended to provide a 
nonstructural option to providing improved flood protection for a portion of 
the approximately 20,000 houses scattered across the rural areas protected 
by the SPFC.  It is a cost-effective approach to providing flood protection 
to individual houses, compared to making significant and expensive 
improvements to flood protection system that cannot be supported by the 
limited benefits provided.  Individual participation (by household) in this 
flood management component would be voluntary, and the actual level of 
participation is not known at this time.  This component, along with the 
small community improvements, is intended to provide improved flood 
protection for all houses located in the rural-agricultural areas of the SPFC. 

This component includes: 

• Raising and waterproofing structures and building berms 

• Purchasing and relocating homes in the floodplains 

• Land use and floodplain management 

Raising and Waterproofing Structures and Building Berms 
This is one of the nonstructural components that may be used in place of 
the structural improvements described in Section 4.3.1 or purchasing and 
relocating houses (described below) to protect rural households.  This 
component includes flood-proofing and raising structures in the floodplain.  
For planning purposes, this estimate assumes that this component would be 
applied to up to 3,000 houses at a cost of up to $100,000 per house, so it 
would have a total cost of up to $300 million.  The number of houses that 
may participate in this program was estimated based on the distribution of 
houses in the rural areas as listed in Table 4-24. 
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Table 4-24.  Costs for Raising and Waterproofing Structures and 
Building Berms 

Region 
Potential Number of 

Households 
Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 150 $11 to $15 

2- Mid-Sacramento 660 $50 to $66 

3- Feather River 270 $20 to $27 

4- Lower Sacramento 120 $9 to $12 

5- Delta North 390 $29 to $39 

6- Delta South 270 $20 to $27 

7- Lower San Joaquin 60 $5 to $6 

8- Mid-San Joaquin 120 $9 to $12 

9- Upper San Joaquin 960 $72 to $96 

Total 3,000 $225 to $300 

Purchasing and Relocating Homes in Floodplains 
This is one of the nonstructural components that may be used in place of 
the structural improvements described in Section 4.3.1 or the raising and 
waterproofing structures and building berms (described above) to protect 
rural households.  For planning purposes, this component includes 
purchasing up to 3,000 houses in high-risk areas of rural floodplain at up to 
$100,000 per house (totals $300 million) to reduce the future flood 
damages in rural areas.  The distribution of houses that may participate in 
this program is estimated based on the distribution of houses in the rural 
areas as listed in Table 4-25. 
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Table 4-25.  Costs for Purchasing and Relocating Homes in 
Floodplains 

Region 
Potential Number of 

Households 
Estimated Range of 
Costs ($ Millions) 

1- Upper Sacramento 150 $11 to $15 

2- Mid-Sacramento 660 $50 to $66 

3- Feather River 270 $20 to $27 

4- Lower Sacramento 120 $9 to $12 

5- Delta North 390 $29 to $39 

6- Delta South 270 $20 to $27 

7- Lower San Joaquin 60 $5 to $6 

8- Mid-San Joaquin 120 $9 to $12 

9- Upper San Joaquin 960 $72 to $96 

Total 3,000 $225 to $300 

Land Use and Floodplain Management 
This component includes the integration of land use and floodplain 
management to support the preparation of local/regional planning efforts 
such as multi-hazard plans, floodplain management plans, and local general 
plan updates.  For planning purpose, this was estimated up to $200 million 
(about $25 million per region).  This component will be applied the same in 
each approach. 
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5.0 Acronyms and Abbreviations 
Board ......................... Central Valley Flood Protection Board 

CVFPP ...................... Central Valley Flood Protection Plan 

DWR .......................... California Department of Water Resources 

F-BO .......................... Forecast-Based Operation 

F-CO .......................... Forecast-Coordination Operation 

GAR ........................... Geotechnical Assessment Report 

GIS ............................ geographic information system 

LD .............................. lacking sufficient data 

LFPZ .......................... Levee Flood Protection Zone 

NULE ......................... North Non-Urban Levee Evaluation 

O&M .......................... operations and maintenance 

RACER ...................... Remediation Alternatives and Cost Estimate Report 

SAFCA ...................... Sacramento Area Flood Control Agency 

SPFC ......................... State Plan of Flood Control 

TRLIA ........................ Three Rivers Levee Improvement Authority 

ULE ........................... Urban Levee Evaluation 

WSE .......................... water surface elevation 
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6.0 Detailed Cost Tables 
 
This section includes the detailed cost tables for the three preliminary 
approaches and SSIA. Summary of these detailed tables are provided 
included in Section 3. 
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Table 6-1. System Improvement Costs for the Achieve SPFC Design Flow Capacity Approach 

REGION 

Land Acquisition 
(1) 

Agricultural 
Conservation 
Easement(2) 

Ecosystem 
Restoration and  
Enhancement(3) 

LEVEES 
Flood 

System 
and Fish 
Passage 

Structures 
(6)  

Reservoir Operations

Easements 
(9) 

System 
Erosion 

and 
Bypass 

Sediment 
Removal 
Project 

(10) 

Estimated  
Total Cost

Risk 
Assessment, 
Feasibility, 

Engineering, 
and 

Permitting 
(25%) 

Range of 
Estimated 
Total Cost 

over Program 
Duration 

New Levee 
Construction (4) 

Improve Existing 
Levees (5) 

Forecast-
Coordinated 
Operations / 

Forecast-
Based 

Operations 
(7) 

New 
Reservoir 
Storage (8)

Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

(acres) Low   High Low   HighLow   High (acres) Low High (miles) Low  High (miles) Low  High Low   High Low  HighLow  High Low  High Low  High Low  High Low  High Low   High 

1 - Upper 
Sacramento Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

2 - Mid-Sacramento 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

3 - Feather River 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

4 - Lower 
Sacramento Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

5 - Delta North 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

6 - Delta South 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

7 - Lower San 
Joaquin Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San 
Joaquin Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

9 - Upper San 
Joaquin Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $23 to $30 $0 to $0 $0 to $0 $0.0 to $0.0 $23.0 to $30.0 $6.0 to $8.0 $29.0 to $38.0 

Total 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $69 to $90 $0 to $0 $0 to $0 $0 to $0 $69.0 to $90.0 $18.0 to $23.0 $91.0 to $114.0 
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NOTE: 
4 All cost estimates are based on 2011 costs rounded to nearest $million.      
System Improvement Assumptions:      
 (1) Land Acquisition:       
 Not included in this approach  
 (2) Agricultural Conservation Easement:          
 Not included in this approach  
(3) Ecosystem Restoration and Enhancement:            
 Not included in this approach     
 (4) New Levee Design and Construction:     
 Not included in this approach  
 (5) Improve Existing Levees:     
 Not included in this approach 
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 
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Table 6-2. Urban Improvement Costs for the Achieve SPFC Design Flow Capacity 
Approach 
Urban Levee Improvements (ULE) - Design Capacity Improvements  for SPFC and Non-SPFC Levees  (12) 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 
and Permitting (25%) (13) 

Range of Estimated Total 
Cost over Program Duration 

Low   High Low   High Low   High 

1 - Upper Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

2 - Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

3 - Feather River Region $997.0 to $1,246.0 $199.0 to $249.0 $1,196.0 to $1,495.0 

4 - Lower Sacramento Region $1,274.0 to $1,593.0 $255.0 to $319.0 $1,529.0 to $1,912.0 

5 - Delta North Region $240.0 to $300.0 $48.0 to $60.0 $288.0 to $360.0 

6 - Delta South Region $120.0 to $150.0 $24.0 to $30.0 $144.0 to $180.0 

7 - Lower San Joaquin Region $198.0 to $247.0 $40.0 to $49.0 $238.0 to $296.0 

8 - Mid - San Joaquin Region $360.0 to $450.0 $72.0 to $90.0 $432.0 to $540.0 

9 - Upper San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Urban Levee Improvements (ULE) 

Subtotal $3,189.0 to $3,986.0 $638.0 to $797.0 $3,827.0 to $4,783.0 

Urban Improvements Total $3,189.0 to $3,986.0 $638.0 to $797.0 $3,827.0 to $4,783.0 

 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.    
  
(11) Estimated Project Costs:       
(12)  Levee Improvements to for Urban - Design Capacity Improvements      
 SPFC Levee Improvements based on ULE Cost Estimates for individual urban areas identified on Table A8. 
 Non-SPFC Urban Levee Improvements     
 Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban 
Levees because no levee evaluation data is available at this time.    
 These improvement area costs are less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams and  are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
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Table 6-3. Rural-Agricultural Improvement Costs for the Achieve SPFC Design Flow Capacity Approach 

REGION 

Small 
Community 

Improvement 
(13) 

Non-Urban - 
Design 

Capacity 
Improvements 

(14) 

Rural 
Setback 
Levees 

(15) 

Site-Specific Rural Agricultural Improvement (16) 

Estimated Total Costs 
(17) 

Risk Assessment, 
Feasibility, 

Engineering, and 
Permitting  (25%) 

Range of Estimated Total 
Cost over Program 

Duration 

Levee 
Improvement 

to Provide 
100-Year 

Protection for 
Small 

Communities 

Miles of 
Rural Levees

Levee Improvements
Known and 
Identified 

Erosion Repairs 

                    Low   High Low   High ($) 

1 - Upper Sacramento 
Region 

$0.0 $408.0 $0.0 0 $0.0 to $0.0 $0.0 $408.0 to $510.0 $102.0 to $128.0 $510.0 to $638.0 

2 - Mid-Sacramento Region $0.0 $2,578.0 $0.0 0 $0.0 to $0.0 $0.0 $2,578.0 to $3,222.0 $645.0 to $806.0 $3,223.0 to $4,028.0 

3 - Feather River Region $0.0 $1,631.0 $0.0 0 $0.0 to $0.0 $0.0 $1,631.0 to $2,038.0 $408.0 to $510.0 $2,039.0 to $2,548.0 

4 - Lower Sacramento 
Region 

$0.0 $1,147.0 $0.0 0 $0.0 to $0.0 $0.0 $1,147.0 to $1,434.0 $287.0 to $359.0 $1,434.0 to $1,793.0 

5 - Delta North Region $0.0 $3,111.0 $0.0 0 $0.0 to $0.0 $0.0 $3,111.0 to $3,889.0 $778.0 to $973.0 $3,889.0 to $4,862.0 

6 - Delta South Region $0.0 $503.0 $0.0 0 $0.0 to $0.0 $0.0 $503.0 to $629.0 $126.0 to $158.0 $629.0 to $787.0 

7 - Lower San Joaquin 
Region 

$0.0 $272.0 $0.0 0 $0.0 to $0.0 $0.0 $272.0 to $340.0 $68.0 to $85.0 $340.0 to $425.0 

8 - Mid - San Joaquin 
Region 

$0.0 $379.0 $0.0 0 $0.0 to $0.0 $0.0 $379.0 to $473.0 $95.0 to $119.0 $474.0 to $592.0 

9 - Upper San Joaquin 
Region 

$0.0 $1,044.0 $0.0 0 $0.0 to $0.0 $0.0 $1,044.0 to $1,305.0 $261.0 to $327.0 $1,305.0 to $1,632.0 

Total $0.0 $11,073.0 $0.0 0 $0.0 to $0.0 $0.0 $11,073.0 to $13,840.0 $2,770.0 to $3,465.0 $13,843.0 to $17,305.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.            
Assumptions:                 
(13) Small Community Improvements:                
 Not included in this approach - Existing levees around small communities would be improved as part of the recommendations from NULE Program    
 (14) Non-Urban - Design Capacity Improvements:              
 Estimates from NULE program for improvements to non-urban project levees.      
 The NULE improvements are expected to include Levee Crown Road All Weather resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile.   
(15) Rural Setback Levees:  Not included in this approach              
(16) Site-Specific Rural Agricultural Improvements:              
 Not included in this approach  
(17) High estimate includes 25% increase for Non-Urban Design Capacity Improvements to account for upper cost estimate range.      
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Table 6-4. Residual Risk Management Costs for the Achieve SPFC Design Flow Capacity Approach 
 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.  

REGION 

Enhanced Flood Emergency Response  Enhanced Operation and Maintenance Floodplain Management 
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Identification and 
Repair  of After 
Event Erosions 

(20) 

Develop and 
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Enhanced O&M  
Programs and 

Regional 
Organizations 

(21) 
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Raising and 
Waterproofing  
Structures and 

Building 
Berms (23) 

Purchasing 
and Relocating 

Homes in 
Floodplains 

(24) 

Land Use and 
Floodplain 

Management 
Integration 

(25) 
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1 - Upper Sacramento 
Region 

$8.0 $0.0 10  $5.0 to $6.0 $0.0 71 $7.0 to $9.0 10  $4.0 to $6.0 $12.0 to $15.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $7.5 to $10.0 $44.0 to $54.0 $0.0 to $0.0 $44.0 to $54.0 

2 - Mid-Sacramento 
Region 

$8.0 $0.0 16  $8.0 to $10.0 $0.0 301 $29.0 to $38.0 16  $7.0 to $9.0 $18.0 to $23.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $33.0 to $44.0 
$103.

0 
to $132.0 $0.0 to $0.0 $103.0 to $132.0 

3 - Feather River 
Region 

$8.0 $0.0 25  $13.0 to $15.0 $0.0 162 $16.0 to $21.0 25  $11.0 to $14.0 $27.0 to $36.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $13.5 to $18.0 $88.0 to $112.0 $0.0 to $0.0 $88.0 to $112.0 

4 - Lower Sacramento 
Region 

$8.0 $0.0 38  $19.0 to $23.0 $0.0 43 $5.0 to $6.0 38  $16.0 to $22.0 $41.0 to $54.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 
$95.0

1 
to $120.0 $0.0 to $0.0 $95.01 to $120.0 

5 - Delta North Region* $8.0 $0.0 19  $95.0 to $97.0 $0.0 252 $24.0 to $32.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $19.5 to $26.0 
$155.

0 
to $174.0 $0.0 to $0.0 $155.0 to $174.0 

6 - Delta South Region $8.0 $0.0 17  $9.0 to $11.0 $0.0 54 $6.0 to $7.0 17  $7.0 to $10.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $13.5 to $18.0 $44.0 to $54.0 $0.0 to $0.0 $44.0 to $54.0 

7 - Lower San Joaquin 
Region 

$8.0 $0.0 37  $19.0 to $23.0 $0.0 38 $4.0 to $5.0 37  $16.0 to $21.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $3.0 to $4.0 $50.0 to $61.0 $0.0 to $0.0 $50.0 to $61.0 

8 - Mid - San Joaquin 
Region 

$8.0 $0.0 19  $10.0 to $12.0 $0.0 51 $6.0 to $7.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $38.0 to $46.0 $0.0 to $0.0 $38.0 to $46.0 

9 - Upper San Joaquin 
Region 

$8.0 $0.0 40  $20.0 to $24.0 $0.0 228 $22.0 to $29.0 40  $17.0 to $23.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $48.0 to $64.0 
$115.

0 
to $148.0 $0.0 to $0.0 $115.0 to $148.0 

Total $72.0 $0.0 221  $198.0 to $221.0 $0.0 1,200 $119.0 to $150.0 221 $94.0 to $125.0 $98.0 to $125.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $150.0 to $200.0 
$732.

0 
to $901.0 $0.0 to $0.0 $732.0 to $901.0 



 

 

6-8 
F

eb
ru

ary 2012

Residual Risk Management Assumptions:   
(16) Additional Flood Information Collection and Sharing:    
 Includes $8 million per region to improve:  
  Identification and notification of the flood hazards to residents 
  Effectively broadcasting real-time flood information to rural areas 
  Map evacuation routes and provide them to public 
  Additional flood monitoring stations in rural areas 
 (17) All Weather Roads on Levee Crowns:    
 Improvement expected to be made as part of ULE and NULE levee improvements  
(18) Local Flood Emergency Response Planning:    
 Includes a one-time expenditure of $500,000 to $600,000 per Levee Flood Protection Zone to improve:  
  Assist local agencies to prepare flood emergency response plan 
  Train flood patrolling and flood fight 
  Conduct flood exercises with local entities 
  Develop communication tool and process for flood emergency response 
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications 
(19)Additional Forecasting and Notification:   
 Not included in this approach   
 Forecasting and Notification will continue to operate at its current level.    
 (20) Identification and Repair of After Event Erosions:    
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remaining project.  
 (21) Develop and Implement Enhanced O&Ms:    
 Includes annual expenditures of $4,000,000 to $5,000,000 per year to:  
  Develop and implement an enhanced O&M program and establish regional maintenance organizations.   
 (22) Sacramento Channel and Levee Management and Bank Protection:    
  Channel and levee management program includes system capacity evaluation and remediation and Sacramento River Bank Protection.  Assumes $4 to $5 million per year over next 
25 years.  State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System 
(23) Raising and Waterproofing Structures and Building Berms:   
 Not included in this approach  
 (24) Purchasing and Relocating Homes in Floodplains:   
 Not included in this approach because of extensive levee improvements made in ULE and NULE programs 
 (25) Land Use and Floodplain Management Integration :   
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.   
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Table 6-5. System Improvement Costs for the Protect High Risk Communities Approach 
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Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

 
(acres) Low   High Low   High Low   High (acres) Low  High (miles) Low  High (miles) Low  High Low   High Low   High Low  High Low  High Low  High Low  High Low  High Low  High 

1 - Upper Sacramento 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

2 - Mid-Sacramento 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

3 - Feather River Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

4 - Lower Sacramento 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

5 - Delta North Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

6 - Delta South Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

7 - Lower San Joaquin 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San Joaquin 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

9 - Upper San Joaquin 
Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $23 to $30 $0 to $0 $0 to $0 $0.0 to $0.0 $23.0 to $30.0 $6.0 to $8.0 $29.0 to $38.0 

Total 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $69 to $90 $0 to $0 $0 to $0 $0 to $0 $69.0 to $90.0 $18.0 to $23.0 $91.0 to $114.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.      
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System Improvement Assumptions:      
 (1) Land Acquisition:       
 Not included in this approach 
 (2) Agricultural Conservation Easement:      
 Not included in this approach 
(3) Ecosystem Restoration and Enhancement:            
 Not included in this approach    
 (4) New Levee Design and Construction:     
 Not included in this approach  
 (5) Improve Existing Levees:     
 Not included in this approach  
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 

 



 

6-11 February 2012 

Table 6-6. Urban Improvement Costs for the Protect High Risk Communities Approach 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting (20%) 
(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Upper Sacramento Region $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
  Chico Urban Levee Improvements $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Feather River Region $760.0 to $891.0 $131.0 to $157.0 $891.0 to $1,048.0 
  Sutter County Feasibility Study $8.5 to $10.2 $1.7 to $2.0 $10.2 to $12.2 
  Feather River West Levee SBFCA $245.0 to $294.0 $49.0 to $58.8 $294.0 to $352.8 

  
LD1-EIP-Lower Feather River 
Setback Levee at Star Bend $20.8 to $20.8 $0.0 to $0.0 $20.8 to $20.8 

  
Marysville Ring Levee 
Reconstruction $161.9 to $194.3 $32.4 to $38.9 $194.3 to $233.1 

  Yuba River Basin GRR $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  
TRLIA-EIP Feather River Levee 
Improvement Project $222.0 to $266.4 $44.4 to $53.3 $266.4 to $319.7 

  
TRLIA-EIP-Upper Yuba River 
Levee Improvement Project $68.0 to $68.0 $0.0 to $0.0 $68.0 to $68.0 

  
RD 2103-EIP-Bear River North 
Levee Rehabilitation Project $18.2 to $18.2 $0.0 to $0.0 $18.2 to $18.2 

Lower Sacramento Region $3,117.0 to $3,726.0 $145.0 to $173.0 $3,261.0 to $3,899.0 

  
American River Common Features 
Project/GRR $12.8 to $15.4 $2.6 to $3.1 $15.4 to $18.4 

  
American River Common 
Features-WRDA96/99 
Projects/Remaining Sites $282.0 to $338.4 $0.0 to $0.0 $282.0 to $338.4 

  
Folsom Dam Modifications-Joint 
Federal Project (Gated Auxiliary 
Spillway) $800.0 to $1,000.0 $0.0 to $0.0 $800.0 to $1,000.0 

  
Folsom Dam Raise,  Bridge 
Element Study and 
Implementation $130.0 to $140.0 $0.0 to $0.0 $130.0 to $140.0 

  
Folsom Dam Raise - Reservoir 
Enlargement $125.0 to $130.0 $0.0 to $0.0 $125.0 to $130.0 

  
South Sacramento County 
Streams $104.0 to $124.8 $0.0 to $0.0 $104.0 to $124.8 

  
SAFCA-EIP-NCC Natomas Levee 
Improvement Project $70.0 to $84.0 $0.0 to $0.0 $70.0 to $84.0 

  
SAFCA-NLIP,CO Natomas Levee 
Improvement Project $310.0 to $372.0 $0.0 to $0.0 $310.0 to $372.0 

  
Natomas Basin Design and 
Construction (Future) $385.0 to $462.0 $0.0 to $0.0 $385.0 to $462.0 

  Magpie Creek Project (Future) $9.8 to $11.8 $2.0 to $2.4 $11.8 to $14.1 

  
American River South and 
Sacramento River Future 
Improvements $500.0 to $600.0 $100.0 to $120.0 $600.0 to $720.0 

  Slip Repair $53.0 to $63.6 $10.6 to $12.7 $63.6 to $76.4 

  
WSAFCA-EIP-CO  West 
Sacramento $105.0 to $126.0 $21.0 to $25.2 $126.0 to $151.2 

  West Sacramento Project GGR $10.0 to $12.0 $2.0 to $2.4 $12.0 to $14.4 

  
Woodland/ Lower Cache Creek 
Feasibility Study and 
Implementation $190.0 to $210.0 $0.0 to $0.0 $190.0 to $210.0 

  Davis-Willow Slough $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 
Delta North Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Delta South Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
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Table 6-6. Urban Improvement Costs for the Protect High Risk Communities Approach 
(Continued) 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting (20%) 
(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Lower San Joaquin Region $162.0 to $194.0 $33.0 to $39.0 $194.0 to $233.0 

  
Lower San Joaquin Feasibility 
Study $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  
RD 17-EIP-100-Year Levee 
Seepage Area Project $76.0 to $91.2 $15.2 to $18.2 $91.2 to $109.4 

  
Mormon Slough Bypass/ Stockton 
Diverter Canal $40.0 to $48.0 $8.0 to $9.6 $48.0 to $57.6 

  
Smith Canal Closure Structure 
(EIP Project) $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 

Mid - San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
  $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Upper San Joaquin Region $138.0 to $166.0 $28.0 to $34.0 $166.0 to $199.0 

  
Merced County Streams Group 
(Bear Creek Unit) $137.7 to $165.2 $27.5 to $33.0 $165.2 to $198.3 

Identified Urban Improvements 
Subtotal 

$4,277.0 to $5,097.0 $357.0 to $427.0 $4,632.0 to $5,523.0 

Non-SPFC Urban Levee Improvements  - (12) 

REGION 
Estimated Project Cost 

(11) 

Risk Assessment, 
Feasibility, Engineering, 
and Permitting (20%) (13) 

Range of Estimated Total 
Cost over Program 

Duration 
Low   High Low   High Low   High 

  1 - Upper Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  2 - Mid-Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  3 - Feather River Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  4 - Lower Sacramento Region $240.0   $320.0 $48.0   $64.0 $288.0   $384.0 
  5 - Delta North Region $120.0   $160.0 $24.0   $32.0 $144.0   $192.0 
  6 - Delta South Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  7 - Lower San Joaquin Region $360.0   $480.0 $72.0   $96.0 $432.0   $576.0 
  8 - Mid - San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  9 - Upper San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 

Non-SPFC Urban Levee 
Improvements Subtotal $720.0   $960.0 $144.0   $192.0 $864.0   $1,152.0 

Urban Improvements Total $4,997.0 to $5,817.0 $501.0 to $571.0 $5,496.0 to $6,675.0 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.      
 (11) Estimated Project Costs:       
 Costs provided by Project Management Office based on input from local agencies.    
 Folsom Enlargement is an authorized project to provide flood protection for the City of Sacramento    
(12) Non-SPFC Urban Levee Improvements      

Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban Levees because no 
levee evaluation data is available at this time.    

 These improvement costs area less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams as a result are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    



 

 

6-13 
F

eb
ru

ary 2012

Table 6-7. Rural-Agricultural Improvement Costs for the Protect High Risk Communities Approach 
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                    Low  High Low  High ($) 

1 - Upper Sacramento Region $77.0 $0.0 $0.0 71 $0.0 to $0.0 $0.0 $77.0 to $89.0 $19.0 to $23.0 $93.0 to $112.0 

2 - Mid-Sacramento Region $190.0 $0.0 $0.0 301 $0.0 to $0.0 $0.0 $190.0 to $228.0 $48.0 to $57.0 $238.0 to $285.0 

3 - Feather River Region $319.0 $0.0 $0.0 162 $0.0 to $0.0 $0.0 $319.0 to $383.0 $80.0 to $96.0 $399.0 to $479.0 

4 - Lower Sacramento Region $0.0 $0.0 $0.0 43 $0.0 to $0.0 $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

5 - Delta North Region $293.0 $0.0 $0.0 252 $0.0 to $0.0 $0.0 $293.0 to $352.0 $74.0 to $88.0 $367.0 to $440.0 

6 - Delta South Region $0.0 $0.0 $0.0 54 $0.0 to $0.0 $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

7 - Lower San Joaquin Region $0.0 $0.0 $0.0 38 $0.0 to $0.0 $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

8 - Mid - San Joaquin Region $3.0 $0.0 $0.0 51 $0.0 to $0.0 $0.0 $3.0 to $4.0 $1.0 to $1.0 $4.0 to $5.0 

9 - Upper San Joaquin Region $121.0 $0.0 $0.0 228 $0.0 to $0.0 $0.0 $121.0 to $146.0 $31.0 to $37.0 $152.0 to $183.0 

Total $1,003.0 $0.0 $0.0 1,200 $0.0 to $0.0 $0.0 $1,003.0 to $1,202.0 $250.0 to $301.0 $1,253.0 to $1,504.0 

 
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.           
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Assumptions:                  
(13) Small Community Improvements:                

Provides 100-year level of protection for small communities within the SPFC that are not protected by other systemwide and/or urban improvements.  Cost of implementation is less than 
$30,000 per person protected (about $100,000 per house).      

 Non-structural measures will be taken when the cost of protection exceeds $100,000 per house (see Residual Risk Management)   
Total population in protected small communities is estimated at 47,000 people, and requires about 120 miles of new or improved levees.  All levee improvements to protect small communities 
for this approach are included in this cost element.      

 Assumed construction costs include a combination of levee improvements and construction of new levees for each individual community.      
 Small communities protected by Region are listed below:            
   1- Upper Sacramento: Durham, Gerber-Las Flores            
   2 - Mid-Sacramento: Knights Landing, Meridian, Colusa, Glenn, Grimes, Butte City, Robbins, Princeton      
   3- Feather River: Verona, Biggs, Wheatland, Gridley, Live Oak, Sutter, Tierra Buena        
   5- Delta North: Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, Iselton         
   8 - Mid-San Joaquin: Grayson               
   9 - Upper San Joaquin: Firebaugh, Dos Palos, So Dos Palos           
(14) Non-Urban - Design Capacity Improvements:              
 Not included in this approach               
(15)Rural Setback Levees                
 Not included in this approach               
(16) Site Specific Rural Agricultural Improvements:              
 Not included in this approach               
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Table 6-8. Residual Risk Management Costs for the Protect High Risk Communities Approach 
             

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.  

REGION 

Enhanced Flood Emergency Response  Enhanced Operation and Maintenance Floodplain Management 
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  High     Low  High   Low  High Low  High   
Lo
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Lo
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Low  High Low  High    ($) ($) 

1 - Upper Sacramento 
Region 

$30.0 $0.0 10  $5.0 to $6.0 $10.0 71 $27.0 to $36.0 10  $4.0 to $6.0 $12.0 to $15.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $7.0 to $10.0 $95.0 to $113.0 $0.0 to $0.0 $95.0 to $113.0 

2 - Mid-Sacramento 
Region 

$30.0 $0.0 16  $8.0 to $10.0 $10.0 301 $114.0 to $151.0 16  $7.0 to $9.0 $18.0 to $23.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $33.0 to $44.0 $220.0 to $277.0 $0.0 to $0.0 $220.0 to $277.0 

3 - Feather River 
Region 

$30.0 $0.0 25  
$13.

0 
to $15.0 $10.0 162 $61.0 to $81.0 25  $11.0 to $14.0 $27.0 to $36.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $13.0 to $18.0 $165.0 to $204.0 $0.0 to $0.0 $165.0 to $204.0 

4 - Lower Sacramento 
Region 

$30.0 $0.0 38  
$19.

0 
to $23.0 $10.0 43 $17.0 to $22.0 38  $16.0 to $22.0 $41.0 to $54.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $139.0 to $169.0 $0.0 to $0.0 $139.0 to $169.0 

5 - Delta North Region* $30.0 $0.0 19  
$95.

0 
to $97.0 $10.0 252 $95.0 to $126.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $20 to $26.0 $258.0 to $300.0 $0.0 to $0.0 $258.0 to $300.0 

6 - Delta South Region $30.0 $0.0 17  $9.0 to $11.0 $10.0 54 $21.0 to $27.0 17  $7.0 to $10.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $14.0 to $18.0 $91.0 to $106.0 $0.0 to $0.0 $91.0 to $106.0 

7 - Lower San Joaquin 
Region 

$30.0 $0.0 37  
$19.

0 
to $23.0 $10.0 38 $15.0 to $19.0 37  $16.0 to $21.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $3.0 to $4.0 $93.0 to $107.0 $0.0 to $0.0 $93.0 to $107.0 

8 - Mid - San Joaquin 
Region 

$30.0 $0.0 19  
$10.

0 
to $12.0 $10.0 51 $20.0 to $26.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $84.0 to $97.0 $0.0 to $0.0 $84.0 to $97.0 

9 - Upper San Joaquin 
Region 

$30.0 $0.0 40  
$20.

0 
to $24.0 $10.0 228 $86.0 to $114.0 40  $17.0 to $23.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $48.0 to $64.0 $211.0 to $265.0 $0.0 to $0.0 $211.0 to $265.0 

Total $270.0 $0.0 221  
$19
8.0 

to $221.0 $90.0 1,200 $456.0 to $600.0 221 $94.0 to $125.0 $98.0 to $125.0 0 $0.0to $0.0 0 $0.0to $0.0 $150.0 to $200.0 $1,356.0 to $1,638.0 $0.0 to $0.0 $1,356.0to $1,638.0 



 

 

6-16 
F

eb
ru

ary 2012

Residual Risk Management Assumptions:               
(16)  Additional Flood Information Collection and Sharing:               
 Includes $30 million per region to improve:             
 Identification and notification of the flood hazards to residents            
  Effectively broadcasting real-time flood information to rural areas            
  Mapping evacuation routes and provide them to public             
  Additional flood monitoring stations in rural areas             
 (17) All Weather Roads on Levee Crowns:               
Purchasing and Relocating Homes in Floodplains:    
 Not included in this approach              
(18) Local Flood Emergency Response Planning:              
 Includes a one-time expenditure of  $500,000 to $600,000 per Levee Flood Protection Zone to improve:        
  Assist local agencies to prepare flood emergency response plan            
  Train flood patrolling and flood fight              
  Conduct flood exercises with local entities              
  Develop communication tool and process for flood emergency response           
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications       
(19) Additional Forecasting and Notification:                
 Includes a one-time expenditure of $10,000,000 per Region to improve:            
  Improve timing and accuracy of flood forecasts            
  Develop additional forecasting points to effectively serve rural communities           
  Develop an effective way of distribution forecasts to rural areas            
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications       

capital investment in rural levees.              
(20) Identification and Repair of After Event Erosions:               
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remain project. 
              
 (21) Develop and Implement Enhanced O&Ms Programs and Regional Organizations:            
 Includes annual expenditures of  $4,000,000 to $5,000,000 per year to:            
 Develop and implement an enhanced O&M programs and establish regional maintenance organizations.          
(22) Sacramento Channel and Levee Management and Bank Protection :             

Channel and levee management program includes system capacity evaluation and remediations and Sacramento River Bank Protection.  Assumes $4 to $5 million per year over next 25 years.  
State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System    

(23) Raising and Waterproofing Structures and Building Berms:    
 Not included in this approach  
 (24) Purchasing and Relocating Homes in Floodplains:    
 Not included in this approach  
 (25) Land Use and Floodplain Management Integration :    
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.    
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Table 6-9. System Improvement Costs for the Enhance Flood System Capacity Approach 

REGION 
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Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

(acres) Low    High Low   High Low    High (acres) Low  High (miles) Low  High (miles) Low  High Low  High Low   High Low   High Low  High Low  High Low  High Low  High Low  High 

1 - Upper 
Sacramento 
Region 

0 $0 to $0 5,000 to 10,000 $18 to $42 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $60 to $90 $9 to $12 $0 to $0 $165 to $213 $0.0 to $0.0 $252.0 to $357.0 $63.0 to $90.0 $315.0 to $447.0 

2 - Mid-Sacramento 
Region 

0 $0 to $0 10,000 to 15,000 $35 to $63 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $122 to $174 $0 to $0 $0 to $0 $275 to $355 $30.0 to $35.0 $462.0 to $627.0 $116.0 to $157.0 $578.0 to $784.0 

3 - Feather River 
Region 

9000 $87 to $98 15,000 to 25,000 $79 to $150 3,300 $165 to $198 31.0 $671 to $793 15.0 $210 to $270 $135 to $190 $9 to $12 $200 to $300 $140 to $172 $0.0 to $0.0 $1,696.0 to $2,183.0 $424.0 to $546.0 $2,120.0 to $2,729.0 

4 - Lower 
Sacramento 
Region 

18,900 $256 to $284 5,000 to 10,000 $32 to $70 4,900 $258 to $307 21.0 $462 to $546 2.0 $28 to $36 $230 to $280 $5 to $6 $0 to $0 $0 to $0 $30.0 to $40.0 $1,301.0 to $1,569.0 $326.0 to $393.0 $1,627.0 to $1,962.0 

5 - Delta North 
Region 

7,900 $72 to $83 5,000 to 10,000 $21 to $49 2,000 $94 to $114 19.0 $407 to $481 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $603.0 to $739.0 $151.0 to $185.0 $754.0 to $924.0 

6 - Delta South 
Region 

1,000 $9 to $11 10,000 to 15,000 $42 to $74 300 $14 to $17 8.0 $165 to $195 7.0 $91 to $117 $20 to $25 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $341.0 to $439.0 $86.0 to $110.0 $427.0 to $549.0 

7 - Lower San 
Joaquin Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San 
Joaquin Region 

0 $0 to $0 10,000 to 15,000 $39 to $69 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $400 to $600 $174 to $222 $0.0 to $0.0 $622.0 to $903.0 $156.0 to $226.0 $778.0 to $1,129.0 

9 - Upper San 
Joaquin Region 

0 $0 to $0 10,000 to 15,000 $39 to $69 0 $50 to $50 0.0 $0 to $0 0.0 $0 to $0 $71 to $88 $23 to $30 $500 to $1,500 $116 to $148 $0.0 to $0.0 $799.0 to $1,885.0 $200.0 to $472.0 $999.0 to $2,357.0 

Total 36,800 $424 to $476 70,000 to 115,000 $305 to $586 10,500 $581to $686 79.0 $1,705to $2,015 24.0 $329to $423 $638 to $847 $69 to $90 $1,100 to $2,400 $870 to $1,110 $60 to $75 $6,081.0 to $8,708.0 $1,521.0 to $2,177.0 $7,605.0 to $10,889.0 

NOTE: All cost estimates are based on 2011 costs rounded to the nearest $million.      
System Improvement Assumptions:      
 (1) Land Acquisition:       
 Land Purchase Cost Assumptions by Region     
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 1 - Upper Sacramento $10,000 to  $12,000/acre  
   2 - Mid-Sacramento  $10,000 to $12,000/acre  
   3 - Feather River  $15,000 to  $17,000/acre  
   4 - Lower Sacramento $18,000 to $20,000/acre  
   5 - Delta North  $12,000 to $14,000/acre  
   6 - Delta South  $12,000 to $14,000/acre  
   7 - Lower San Joaquin $15,000 to  $17,000/acre  
   8 - Mid - San Joaquin $11,000 to $13,000/acre  
   9 - Upper San Joaquin $11,000 to $13,000/acre  
 (2) Agricultural Conservation Easement:      
 Agricultural Conservation Assumed % of Land Acquisition by Region     
 1 - Upper Sacramento 35% 
   2 - Mid-Sacramento   35% 
   3 - Feather River  35% 
   4 - Lower Sacramento 35% 
   5 - Delta North  35% 
   6 - Delta South  35% 
   7 - Lower San Joaquin 35% 
   8 - Mid - San Joaquin 35% 
   9 - Upper San Joaquin 35% 
(3) Ecosystem Restoration and Enhancement:            

Assumes 25% of land purchased for bypasses will be developed for conservation and other 75% will be leased back to farmers for environmentally friendly agricultural practices such as corn, 
rice, and other grains.         
 Environmental Conservation Development by Region          
 1 - Upper Sacramento $35,000 to $45,000/acre     
   2 - Mid-Sacramento  $35,000 to $45,000/acre     
   3 - Feather River  $35,000 to  $45,000/acre     
   4 - Lower Sacramento $35,000 to  $45,000/acre     
   5 - Delta North  $35,000 to $45,000/acre     
   6 - Delta South  $35,000 to  $45,000/acre     
   7 - Lower San Joaquin $35,000 to  $45,000/acre     
   8 - Mid - San Joaquin $35,000 to  $45,000/acre     
   9 - Upper San Joaquin $35,000 to $45,000/acre  
Includes $50 million for Upper San Joaquin River Restoration Projects.  

 (4) New Levee Design and Construction:     
 $22 to $26 million/mile  
 (5) Improve Existing Levees:     
 $14 to $18 million/mile  
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 
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Table 6-10. Urban Improvement Costs for the Enhance Flood System Capacity 
Approach 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting (20%) 
(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Upper Sacramento Region $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
  Chico Urban Levee Improvements $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Feather River Region $760.0 to $891.0 $131.0 to $157.0 $891.0 to $1,048.0 
  Sutter County Feasibility Study $8.5 to $10.2 $1.7 to $2.0 $10.2 to $12.2 
  Feather River West Levee SBFCA $245.0 to $294.0 $49.0 to $58.8 $294.0 to $352.8 

  
LD1-EIP-Lower Feather River 
Setback Levee at Star Bend $20.8 to $20.8 $0.0 to $0.0 $20.8 to $20.8 

  
Marysville Ring Levee 
Reconstruction $161.9 to $194.3 $32.4 to $38.9 $194.3 to $233.1 

  Yuba River Basin GRR $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  
TRLIA-EIP Feather River Levee 
Improvement Project $222.0 to $266.4 $44.4 to $53.3 $266.4 to $319.7 

  
TRLIA-EIP-Upper Yuba River 
Levee Improvement Project $68.0 to $68.0 $0.0 to $0.0 $68.0 to $68.0 

  
RD 2103-EIP-Bear River North 
Levee Rehabilitation Project $18.2 to $18.2 $0.0 to $0.0 $18.2 to $18.2 

Lower Sacramento Region $3,117.0 to $3,726.0 $145.0 to $173.0 $3,261.0 to $3,899.0 

  
American River Common Features 
Project/GRR $12.8 to $15.4 $2.6 to $3.1 $15.4 to $18.4 

  
American River Common 
Features-WRDA96/99 
Projects/Remaining Sites $282.0 to $338.4 $0.0 to $0.0 $282.0 to $338.4 

  
Folsom Dam Modifications-Joint 
Federal Project (Gated Auxiliary 
Spillway) $800.0 to $1,000.0 $0.0 to $0.0 $800.0 to $1,000.0 

  
Folsom Dam Raise,  Bridge 
Element Study and 
Implementation $130.0 to $140.0 $0.0 to $0.0 $130.0 to $140.0 

  
Folsom Dam Raise - Reservoir 
Enlargement $125.0 to $130.0 $0.0 to $0.0 $125.0 to $130.0 

  
South Sacramento County 
Streams $104.0 to $124.8 $0.0 to $0.0 $104.0 to $124.8 

  
SAFCA-EIP-NCC Natomas Levee 
Improvement Project $70.0 to $84.0 $0.0 to $0.0 $70.0 to $84.0 

  
SAFCA-NLIP,CO Natomas Levee 
Improvement Project $310.0 to $372.0 $0.0 to $0.0 $310.0 to $372.0 

  
Natomas Basin Design and 
Construction (Future) $385.0 to $462.0 $0.0 to $0.0 $385.0 to $462.0 

  Magpie Creek Project (Future) $9.8 to $11.8 $2.0 to $2.4 $11.8 to $14.1 

  
American River South and 
Sacramento River Future 
Improvements $500.0 to $600.0 $100.0 to $120.0 $600.0 to $720.0 

  Slip Repair $53.0 to $63.6 $10.6 to $12.7 $63.6 to $76.4 

  
WSAFCA-EIP-CO  West 
Sacramento $105.0 to $126.0 $21.0 to $25.2 $126.0 to $151.2 

  West Sacramento Project GGR $10.0 to $12.0 $2.0 to $2.4 $12.0 to $14.4 

  
Woodland/ Lower Cache Creek 
Feasibility Study and 
Implementation $190.0 to $210.0 $0.0 to $0.0 $190.0 to $210.0 

  Davis-Willow Slough $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 
Delta North Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Delta South Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

 
 
 



 

6-20 February 2012 

Table 6-10. Urban Improvement Costs for the Enhance Flood System Capacity 
Approach (Continued) 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting (20%) 
(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Lower San Joaquin Region $162.0 to $194.0 $33.0 to $39.0 $194.0 to $233.0 

  
Lower San Joaquin Feasibility 
Study $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  
RD 17-EIP-100-Year Levee 
Seepage Area Project $76.0 to $91.2 $15.2 to $18.2 $91.2 to $109.4 

  
Mormon Slough Bypass/ Stockton 
Diverter Canal $40.0 to $48.0 $8.0 to $9.6 $48.0 to $57.6 

  
Smith Canal Closure Structure 
(EIP Project) $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 

Mid - San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
  $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Upper San Joaquin Region $138.0 to $166.0 $28.0 to $34.0 $166.0 to $199.0 

  
Merced County Streams Group 
(Bear Creek Unit) $137.7 to $165.2 $27.5 to $33.0 $165.2 to $198.3 

Identified Urban Improvements 
Subtotal 

$4,277.0 to $5,097.0 $357.0 to $427.0 $4,632.0 to $5,523.0 

Non-SPFC Urban Levee Improvements  - (12) 

REGION 
Estimated Project Cost 

(11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting  (20%) (13) 

Range of Estimated Total 
Cost over Program 

Duration 
Low   High Low   High Low   High 

  1 - Upper Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  2 - Mid-Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  3 - Feather River Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  4 - Lower Sacramento Region $240.0   $320.0 $48.0   $64.0 $288.0   $384.0 
  5 - Delta North Region $120.0   $160.0 $24.0   $32.0 $144.0   $192.0 
  6 - Delta South Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  7 - Lower San Joaquin Region $360.0   $480.0 $72.0   $96.0 $432.0   $576.0 
  8 - Mid - San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  9 - Upper San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 

Non-SPFC Urban Levee 
Improvements Subtotal $720.0   $960.0 $144.0   $192.0 $864.0   $1,152.0 

Urban Improvements Total $4,997.0 to $5,817.0 $501.0 to $571.0 $5,496.0 to $6,675.0 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.      
 (11) Estimated Project Costs:       
 Costs provided by Project Management Office based on input from local agencies.    
 Folsom Enlargement is an authorized project to provide flood protection for the City of Sacramento    
(12) Non-SPFC Urban Levee Improvements      
 Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban Levees because 
no levee evaluation data is available at this time.    
 These improvement costs area less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams as a result are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
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Table 6-11. Rural-Agricultural Improvement Costs for the Enhance Flood System Capacity Approach 

REGION 
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(13) 

N
o

n
-U

rb
an

 - 
D

es
ig

n
 C

ap
ac

ity
 

Im
p

ro
ve

m
en

ts
 (1

4)
 

R
u

ra
l S

et
b

ac
k 

L
ev

ee
s 

(1
5)

 

Site-Specific Rural Agricultural 
Improvement (16) 

E
st

im
at

ed
 T

o
ta

l C
o

st
s 

(1
7)

 

R
is

k 
A

ss
es

sm
en

t, 
F

ea
si

b
ili

ty
, 

E
n

g
in

ee
ri

n
g

, a
n

d
 P

er
m

itt
in

g
 

(2
5%

) 

R
an

g
e 

o
f E

st
im

at
ed

 T
o

ta
l 

C
o

st
 o

ve
r 

P
ro

g
ra

m
 D

u
ra

tio
n

 

Levee 
Improvement 

to Provide 
100-Year 

Protection for 
Small 

Communities 

M
ile

s 
o

f R
u

ra
l 

L
ev

ee
s 

L
ev

ee
 

Im
p

ro
ve

m
en

ts
 

K
n

o
w

n
 a

n
d

 
Id

en
tif

ie
d

 
E

ro
si

o
n

 R
ep

ai
rs

 

        Low     High       Low  High Low  High ($) 

1 - Upper Sacramento Region $0.0 $408.0 $0.0 to $0.0 71 $0.0 to $0.0 $0.0 $408.0 to $510.0 $102.0 to $128.0 $510.0 to $638.0 

2 - Mid-Sacramento Region $95.0 $2,577.0 $1,733.0 to $2,426.0 301 $0.0 to $0.0 $0.0 $4,405.0 to $5,743.0 $1,102.0 to $1,436.0 $5,508.0 to $7,179.0 

3 - Feather River Region $33.0 $1,630.0 $603.0 to $844.0 162 $0.0 to $0.0 $0.0 $2,267.0 to $2,915.0 $567.0 to $729.0 $2,834.0 to $3,644.0 

4 - Lower Sacramento Region $0.0 $1,147.0 $0.0 to $0.0 43 $0.0 to $0.0 $0.0 $1,147.0 to $1,434.0 $287.0 to $359.0 $1,434.0 to $1,793.0 

5 - Delta North Region $200.0 $3,111.0 $0.0 to $0.0 252 $0.0 to $0.0 $0.0 $3,311.0 to $4,089.0 $828.0 to $1,023.0 $4,139.0 to $5,112.0 

6 - Delta South Region $0.0 $503.0 $0.0 to $0.0 54 $0.0 to $0.0 $0.0 $503.0 to $629.0 $126.0 to $158.0 $629.0 to $787.0 

7 - Lower San Joaquin Region $0.0 $272.0 $0.0 to $0.0 38 $0.0 to $0.0 $0.0 $272.0 to $340.0 $68.0 to $85.0 $340.0 to $425.0 

8 - Mid - San Joaquin Region $2.0 $378.0 $716.0 to $1,002.0 51 $0.0 to $0.0 $0.0 $1,096.0 to $1,477.0 $274.0 to $370.0 $1,370.0 to $1,847.0 

9 - Upper San Joaquin Region $15.0 $1,043.0 $0.0 to $0.0 228 $0.0 to $0.0 $0.0 $1,059.0 to $1,320.0 $265.0 to $330.0 $1,324.0 to $1,650.0 

Total $345.0 $11,069.0 $3,052.0 to $4,272.0 1,200 $0.0 to $0.0 $0.0 $14,469.0 to $18,453.0 $3,618.0 to $4,614.0 $18,088.0 to $23,075.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.           
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Assumptions:                  
 (13) Small Community Improvements:                

Provides 100-year level of protection for small communities within the SPFC that are not protected by other systemwide and/or urban level improvements.  Cost of implementation is less than 
$30,000 per person protected (about $100,000 per house).      

 Non-structural measures will be taken when the cost of protection exceeds $100,000 per house (see Residual Risk Management)   
Total population in protected small communities is estimated at 47,000 people, and requires about 60 miles of new levees. The costs associated with the approximately 60 miles of levee 
improvements are included as part of NULE Design Capacity Improvements.   

 Assumed construction costs includes a combination of levee improvements and construction of new levees for each individual community.      
 Small communities  protected by Region are listed below:            
   1- Upper Sacramento: Durham, Gerber-Las Flores            
   2 - Mid-Sacramento: Knights Landing, Meridian, Colusa, Glenn, Grimes, Butte City, Robbins, Princeton      
   3- Feather River: Verona, Biggs, Wheatland, Gridley, Live Oak, Sutter, Tierra Buena        
   5- Delta North: Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, Isleton  
        
   8 - Mid-San Joaquin: Grayson               
   9 - Upper San Joaquin: Firebaugh, Dos Palos, So Dos Palos           
(14) Non-Urban - Design Capacity Improvements:              
 Estimates from NULE program for improvements to non-urban project levees and related  non-urban non-project levees.     
 The NULE improvements are expected to include Levee Crown Road All Weather  resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile.   
(15) Rural Setback Levees:                 
 Includes updated levee setback costs for land purchase, old levee removal, fixing existing levees, and construction of new levees.  New lands introduced to the floodplain by the setback levee 
will be subjected to future riparian processes to provide ecosystem restoration.        
(16) Site-Specific  Rural Agricultural Improvements:              
 Not included in this approach  
(17) High estimate includes 25% increase for Non-Urban Design Capacity Improvements to account for upper cost estimate range.       
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Table 6-12. Residual Risk Management Costs for the Enhance Flood System Capacity Approach 
 

NOTE: All cost estimates are based on 2011 costs rounded to the nearest $million.  

REGION 
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      Low   High     Low  High   Low  High Low  High   Low  High   Low High Low  High Low  High    ($) ($) 

1 - Upper 
Sacramento 
Region 

$8.0 $0.0 10  $5.0 to $6.0 $0.0 71 $7.0 to $9.0 10  $4.0 to $6.0 $12.0 to $15.0 0 $0.0 to $0.0 150 $0.0 to $0.0 $3.8 to $5.0 $40.0 to $49.0 $0.0 to $0.0 $40.0 to $49.0 

2 - Mid-Sacramento 
Region 

$8.0 $0.0 16  $8.0 to $10.0 $0.0 301 $29.0 to $38.0 16  $7.0 to $9.0 $49.0 to $65.0 0 $0.0 to $0.0 660 $0.0 to $0.0 $16.5 to $22.0 $117.0 to $152.0 $0.0 to $0.0 $117.0 to $152.0 

3 - Feather River 
Region 

$8.0 $0.0 25  $13.0 to $15.0 $0.0 162 $16.0 to $21.0 25  $11.0 to $14.0 $27.0 to $35.0 0 $0.0 to $0.0 270 $0.0 to $0.0 $6.8 to $9.0 $81.0 to $102.0 $0.0 to $0.0 $81.0 to $102.0 

4 - Lower 
Sacramento 
Region 

$8.0 $0.0 38  $19.0 to $23.0 $0.0 43 $5.0 to $6.0 38  $16.0 to $22.0 $8.0 to $10.0 0 $0.0 to $0.0 120 $0.0 to $0.0 $3.0 to $4.0 $59.0 to $72.0 $0.0 to $0.0 $59.0 to $72.0 

5 - Delta North 
Region* 

$8.0 $0.0 19  $95.0 to $97.0 $0.0 252 $24.0 to $320 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 390 $0.0 to $0.0 $9.8 to $13.0 $145.0 to $161.0 $0.0 to $0.0 $145.0 to $161.0 

6 - Delta South 
Region 

$8.0 $0.0 17  $9.0 to $11.0 $0.0 54 $6.0 to $7.0 17  $7.0 to $10.0 $0.0 to $0.0 0 $0.0 to $0.0 270 $0.0 to $0.0 $6.8 to $9.0 $37.0 to $45.0 $0.0 to $0.0 $37.0 to $45.0 

7 - Lower San 
Joaquin Region 

$8.0 $0.0 37  $19.0 to $23.0 $0.0 38 $4.0 to $5.0 37  $16.0 to $21.0 $0.0 to $0.0 0 $0.0 to $0.0 60 $0.0 to $0.0 $1.5 to $2.0 $48.0 to $59.0 $0.0 to $0.0 $48.0 to $59.0 

8 - Mid - San 
Joaquin Region 

$8.0 $0.0 19  $10.0 to $12.0 $0.0 51 $6.0 to $7.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 120 $0.0 to $0.0 $3.0 to $4.0 $35.0 to $42.0 $0.0 to $0.0 $35.0 to $42.0 

9 - Upper San 
Joaquin Region 

$8.0 $0.0 40  $20.0 to $24.0 $0.0 228 $22.0 to $29.0 40  $17.0 to $23.0 $0.0 to $0.0 0 $0.0 to $0.0 960 $0.0 to $0.0 $24.0 to $32.0 $91.0 to $116.0 $0.0 to $0.0 $91.0 to $116.0 

Total $72.0 $0.0 221  $198.0 to $221.0 $0.0 1,200 $119.0 to $150.0 221 $94.0 to $125.0 $96.0 to $125.0 0 $0.0 to $0.0 3,000 $0.0 to $0.0 $75.0 to $100.0 $653.0 to $798.0 $0.0 to $0.0 $653.0 to $798.0 
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Residual Risk Management Assumptions:   
(16) Additional Flood Information Collection and Sharing:    
 Includes $8 million per region to improve:  
  Identification and notification of the flood hazards to residents 
  Effectively broadcasting real-time flood information to rural areas 
  Mapping evacuation routes and provide them to public 
  Additional flood monitoring stations in rural areas 
 (17) All Weather Roads on Levee Crowns:    
 Improvement expected to be made as part of ULE and NULE levee improvements  
 (18) Local Flood Emergency Response Planning:    
 Includes a one-time expenditure of  $500,000 to $600,000 per Levee Flood Protection Zone to improve:  
  Assist local agencies to prepare flood emergency response plan 
  Train flood patrolling and flood fight 
  Conduct flood exercises with local entities 
  Develop communication tool and process for flood emergency response 
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications 
(19) Additional Forecasting and Notification:    
 Forecasting and Notification will continue to operate at its current level.  No enhancements are included for this approach.  
 (20) Identification and Repair of After Event Erosions:    
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remain project. 
 (21) Develop and Implement Enhanced O&Ms:    
 Includes annual expenditures of $4,000,000 to $5,000,000 per year to:  
  Develop and implement an enhanced O&M program and establish regional maintenance organizations.   
 (22) Sacramento Channel and Levee Management and Bank Protection:    
  Channel and levee management program includes system capacity evaluation and remediation's and Sacramento River Bank Protection.  Assumes $4 to $5 million per year over 
next 25 years.  State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System 
(23) Raising and Waterproofing Structures and Building Berms:   
 Not included in this approach 
 (24) Purchasing and Relocating Homes in Floodplains:   
 Not included in this approach 
 (25) Land Use and Floodplain Management Integration :   
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.   
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Table 6-13. System Improvement Costs for the State Systemwide Investment Approach 
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Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

(acres) Low    High Low   High Low    High (acres) Low  High (miles) Low  High (miles) Low  High Low  High Low   High Low   High Low  High Low  High Low  High Low  High Low  High 

1 - Upper 
Sacramento 
Region 

0 $0 to $0 5,000 to 10,000 $18 to $42 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $60 to $90 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $87.0 to $144.0 $22.0 to $36.0 $109.0 to $180.0 

2 - Mid-
Sacramento 
Region 

0 $0 to $0 10,000 to 15,000 $35 to $63 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $122 to $174 $0 to $0 $0 to $0 $0 to $0 $30.0 to $35.0 $187.0 to $272.0 $47.0 to $68.0 $234.0 to $340.0 

3 - Feather River 
Region 

9,000 $87 to $98 15,000 to 25,000 $79 to $150 3,300 $165 to $198 31.0 $671 to $793 15.0 $210 to $270 $135 to $190 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $1,356.0 to $1,711.0 $339.0 to $428.0 $1,695.0 to $2,139.0 

4 - Lower 
Sacramento 
Region 

18,900 $256 to $284 5,000 to 10,000 $32 to $70 4,900 $258 to $307 21.0 $462 to $546 2.0 $28 to $36 $230 to $280 $5 to $6 $0 to $0 $0 to $0 $30.0 to $40.0 $1,301.0 to $1,569.0 $326.0 to $393.0 $1,627.0 to $1,962.0 

5 - Delta North 
Region 

7,900 $72 to $83 5,000 to 10,000 $21 to $49 2,000 $94 to $114 19.0 $407 to $481 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $603.0 to $739.0 $151.0 to $185.0 $754.0 to $924.0 

6 - Delta South 
Region 

1,000 $9 to $11 10,000 to 15,000 $42 to $74 300 $14 to $17 8.0 $165 to $195 7.0 $91 to $117 $20 to $25 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $341.0 to $439.0 $86.0 to $110.0 $427.0 to $549.0 

7 - Lower San 
Joaquin Region 

0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San 
Joaquin Region 

0 $0 to $0 10,000 to 15,000 $39 to $69 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $48.0 to $81.0 $12.0 to $21.0 $60.0 to $102.0 

9 - Upper San 
Joaquin Region 

0 $0 to $0 10,000 to 15,000 $39 to $69 0 $50 to $50 0.0 $0 to $0 0.0 $0 to $0 $71 to $88 $23 to $30 $0 to $0 $0 to $0 $0.0 to $0.0 $183.0 to $237.0 $46.0 to $60.0 $229.0 to $297.0 

Total 36,800 $424 to $476 70,000 to 115,000 $305 to $586 10,500 $581 to $686 79.0 $1,705 to $2,015 24.0 $329 to $423 $638 to $847 $69 to $90 $0 to $0 $0 to $0 $60 to $75 $4,111.0 to $5,198.0 $1,028.0 to $1,300.0 $5,142.0 to $6,501.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
System Improvement Assumptions:      
 (1) Land Acquisition:       
 Land Purchase Cost Assumptions by Region     
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 1 - Upper Sacramento $10,000 to  $12,000/acre  
   2 - Mid-Sacramento  $10,000 to $12,000/acre  
   3 - Feather River  $15,000 to $17,000/acre  
   4 - Lower Sacramento $18,000 to  $20,000/acre  
   5 - Delta North  $12,000 to $14,000/acre  
   6 - Delta South  $12,000 to $14,000/acre  
   7 - Lower San Joaquin $15,000 to $17,000/acre  
   8 - Mid - San Joaquin $11,000 to  $13,000/acre  
   9 - Upper San Joaquin $11,000 to $13,000/acre  
 (2) Agricultural Conservation Easement:      
 Agricultural Conservation Assumed % of Land Acquisition by Region     
 1 - Upper Sacramento 35% 
   2 - Mid-Sacramento  35% 
   3 - Feather River  35% 
   4 - Lower Sacramento 35% 
   5 - Delta North  35% 
   6 - Delta South  35% 
   7 - Lower San Joaquin 35% 
   8 - Mid - San Joaquin 35% 
   9 - Upper San Joaquin 35% 
(3) Ecosystem Restoration and Enhancement:            

Assumes 25% of land purchased for bypasses will be developed for conservation and other 75% will be leased back to farmers for environmentally friendly agricultural practices such as corn, 
rice, and other grains.         
 Environmental Conservation Development by Region          
 1 - Upper Sacramento $35,000 to  $45,000/acre     
   2 - Mid-Sacramento  $35,000 to $45,000/acre     
   3 - Feather River  $35,000 to $45,000/acre     
   4 - Lower Sacramento $35,000 to $45,000/acre     
   5 - Delta North  $35,000 to $45,000/acre     
   6 - Delta South  $35,000 to $45,000/acre     
   7 - Lower San Joaquin $35,000 to $45,000/acre     
   8 - Mid - San Joaquin $35,000 to $45,000/acre     
   9 - Upper San Joaquin $35,000 to $45,000/acre  
Includes $50 million for Upper San Joaquin River Restoration Projects.    

 (4) New Levee Design and Construction:     
 $22 to $26 million/mile  
 (5) Improve Existing Levees:     
 $14 to $18 million/mile  
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 
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Table 6-14. Urban Improvement Costs for the State Systemwide Investment Approach 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting (20%) 
(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Upper Sacramento Region $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
  Chico Urban Levee Improvements $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Feather River Region $760.0 to $891.0 $131.0 to $157.0 $891.0 to $1,048.0 
  Sutter County Feasibility Study $8.5 to $10.2 $1.7 to $2.0 $10.2 to $12.2 
  Feather River West Levee SBFCA $245.0 to $294.0 $49.0 to $58.8 $294.0 to $352.8 

  
LD1-EIP-Lower Feather River 
Setback Levee at Star Bend $20.8 to $20.8 $0.0 to $0.0 $20.8 to $20.8 

  
Marysville Ring Levee 
Reconstruction $161.9 to $194.3 $32.4 to $38.9 $194.3 to $233.1 

  Yuba River Basin GRR $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  
TRLIA-EIP Feather River Levee 
Improvement Project $222.0 to $266.4 $44.4 to $53.3 $266.4 to $319.7 

  
TRLIA-EIP-Upper Yuba River 
Levee Improvement Project $68.0 to $68.0 $0.0 to $0.0 $68.0 to $68.0 

  
RD 2103-EIP-Bear River North 
Levee Rehabilitation Project $18.2 to $18.2 $0.0 to $0.0 $18.2 to $18.2 

Lower Sacramento Region $3,117.0 to $3,726.0 $145.0 to $173.0 $3,261.0 to $3,899.0 

  
American River Common Features 
Project/GRR $12.8 to $15.4 $2.6 to $3.1 $15.4 to $18.4 

  
American River Common 
Features-WRDA96/99 
Projects/Remaining Sites $282.0 to $338.4 $0.0 to $0.0 $282.0 to $338.4 

  
Folsom Dam Modifications-Joint 
Federal Project (Gated Auxiliary 
Spillway) $800.0 to $1,000.0 $0.0 to $0.0 $800.0 to $1,000.0 

  
Folsom Dam Raise,  Bridge 
Element Study and 
Implementation $130.0 to $140.0 $0.0 to $0.0 $130.0 to $140.0 

  
Folsom Dam Raise - Reservoir 
Enlargement $125.0 to $130.0 $0.0 to $0.0 $125.0 to $130.0 

  
South Sacramento County 
Streams $104.0 to $124.8 $0.0 to $0.0 $104.0 to $124.8 

  
SAFCA-EIP-NCC Natomas Levee 
Improvement Project $70.0 to $84.0 $0.0 to $0.0 $70.0 to $84.0 

  
SAFCA-NLIP,CO Natomas Levee 
Improvement Project $310.0 to $372.0 $0.0 to $0.0 $310.0 to $372.0 

  
Natomas Basin Design and 
Construction (Future) $385.0 to $462.0 $0.0 to $0.0 $385.0 to $462.0 

  Magpie Creek Project (Future) $9.8 to $11.8 $2.0 to $2.4 $11.8 to $14.1 

  
American River South and 
Sacramento River Future 
Improvements $500.0 to $600.0 $100.0 to $120.0 $600.0 to $720.0 

  Slip Repair $53.0 to $63.6 $10.6 to $12.7 $63.6 to $76.4 

  
WSAFCA-EIP-CO  West 
Sacramento $105.0 to $126.0 $21.0 to $25.2 $126.0 to $151.2 

  West Sacramento Project GGR $10.0 to $12.0 $2.0 to $2.4 $12.0 to $14.4 

  
Woodland/ Lower Cache Creek 
Feasibility Study and 
Implementation $190.0 to $210.0 $0.0 to $0.0 $190.0 to $210.0 

  Davis-Willow Slough $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 
Delta North Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Delta South Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
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Table 6-14. Urban Improvement Costs for the State Systemwide Investment Approach 
(Continued) 

 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting (20%) 
(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Lower San Joaquin Region $162.0 to $194.0 $33.0 to $39.0 $194.0 to $233.0 

  
Lower San Joaquin Feasibility 
Study $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  
RD 17-EIP-100-Year Levee 
Seepage Area Project $76.0 to $91.2 $15.2 to $18.2 $91.2 to $109.4 

  
Mormon Slough Bypass/ Stockton 
Diverter Canal $40.0 to $48.0 $8.0 to $9.6 $48.0 to $57.6 

  
Smith Canal Closure Structure 
(EIP Project) $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 

Mid - San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
  $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Upper San Joaquin Region $138.0 to $166.0 $28.0 to $34.0 $166.0 to $199.0 

  
Merced County Streams Group 
(Bear Creek Unit) $137.7 to $165.2 $27.5 to $33.0 $165.2 to $198.3 

Identified Urban Improvements 
Subtotal 

$4,277.0 to $5,097.0 $357.0 to $427.0 $4,632.0 to $5,523.0 

Non-SPFC Urban Levee Improvements  - (12) 

REGION 
Estimated Project Cost 

(11) 

Risk Assessment, 
Feasibility, Engineering, 

and Permitting  (20%) (13) 

Range of Estimated Total 
Cost over Program 

Duration 
Low   High Low   High Low   High 

  1 - Upper Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  2 - Mid-Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  3 - Feather River Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  4 - Lower Sacramento Region $240.0   $320.0 $48.0   $64.0 $288.0   $384.0 
  5 - Delta North Region $120.0   $160.0 $24.0   $32.0 $144.0   $192.0 
  6 - Delta South Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  7 - Lower San Joaquin Region $360.0   $480.0 $72.0   $96.0 $432.0   $576.0 
  8 - Mid - San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  9 - Upper San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 

Non-SPFC Urban Levee 
Improvements Subtotal $720.0   $960.0 $144.0   $192.0 $864.0   $1,152.0 

Urban Improvements Total $4,997.0 to $5,817.0 $501.0 to $571.0 $5,496.0 to $6,675.0 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
 (11) Estimated Project Costs:       
 Costs provided by Project Management Office based on input from local agencies.    
 Folsom Enlargement is an authorized project to provide flood protection for the City of Sacramento    
(12) Non-SPFC Urban Levee Improvements      
 Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban Levees 
because no levee evaluation data is available at this time.    
 These improvement costs area less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams as a result are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
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Table 6-15. Rural-Agricultural Improvement Costs for the State Systemwide Investment Approach 

REGION 

Small 
Community 

Improvement 
(13) 
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            Low  High   Low  High Low  High ($) 

1 - Upper Sacramento Region $74.0 $0.0 $0.0 71 $46.0 to $57.0 $3.0 $123.0 to $134.0 $31.0 to $34.0 $154.0 to $168.0 

2 - Mid-Sacramento Region $107.0 
$0.0 $0.0 

301 $62.0 to $77.0 $119.0 $288.0 to $303.0 $72.0 to $76.0 $360.0 to $379.0 

3 - Feather River Region $173.0 
$0.0 $0.0 

162 $24.0 to $30.0 $28.0 $225.0 to $231.0 $57.0 to $58.0 $282.0 to $289.0 

4 - Lower Sacramento Region $0.0 
$0.0 $0.0 

43 $37.0 to $46.0 $24.0 $61.0 to $70.0 $16.0 to $18.0 $77.0 to $88.0 

5 - Delta North Region $77.0 
$0.0 $0.0 

252 $93.0 to $117.0 $313.0 $483.0 to $507.0 $121.0 to $127.0 $604.0 to $634.0 

6 - Delta South Region $0.0 
$0.0 $0.0 

54 $18.0 to $22.0 $19.0 $37.0 to $41.0 $10.0 to $11.0 $47.0 to $52.0 

7 - Lower San Joaquin Region $0.0 
$0.0 $0.0 

38 $8.0 to $10.0 $5.0 $13.0 to $15.0 $4.0 to $4.0 $17.0 to $19.0 

8 - Mid-San Joaquin Region $3.0 
$0.0 $0.0 

51 $25.0 to $31.0 $10.0 $38.0 to $44.0 $10.0 to $11.0 $48.0 to $55.0 

9 - Upper San Joaquin Region $121.0 
$0.0 $0.0 

228 $19.0 to $24.0 $6.0 $146.0 to $151.0 $37.0 to $38.0 $183.0 to $189.0 

Total $555.0 $0.0 $0.0 1,200 $332.0 to $414.0 $523.0 $1,410.0 to $1,492.0 $353.0 to $373.0 $1,772.0 to $1,873.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
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Assumptions:                
  
 (13) Small Community Improvements:                
 Provides 100-year level of protection for small communities within the SPFC that are not protected by other systemwide and/or urban level improvements.  Cost of implementation is 
less than $30,000 per person protected (about $100,000 per house).      
 Non-structural measures will be taken when the cost of protection exceeds $100,000 per house (see Residual Risk Management)   
 Total population in protected small communities is estimated at 47,000 people, and requires about 60 miles of new levees. The costs associated with the approximately 60 miles of 
levee improvements are included as part of NULE Design Capacity Improvements.   
 Assumed construction costs include a combination of levee improvements and construction of new levees for each individual community.      
 Small communities protected by Region are listed below:            
   1- Upper Sacramento: Durham, Gerber-Las Flores            
   2 - Mid-Sacramento: Knights Landing, Meridian, Colusa, Glenn, Grimes, Butte City, Robbins, Princeton      
   3- Feather River: Verona, Biggs, Wheatland, Gridley, Live Oak, Sutter, Tierra Buena        
   5- Delta North: Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, Isleton         
   8 - Mid-San Joaquin: Grayson               
   9 - Upper San Joaquin: Firebaugh, Dos Palos, South Dos Palos           
(14) Non-Urban - Design Capacity Improvements:              
 Estimates from NULE program for improvements to non-urban project levees and related non-urban non-project levees.     
 The NULE improvements are expected to include Levee Crown Road All Weather resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile.   
(15) Rural Setback Levees:                 
 Includes updated levee setback costs (9/29) for land purchase, old levee removal, fixing existing levees, and construction of new levees.  New lands introduced to the floodplain by 
the setback levee will be subjected to future riparian processes to provide ecosystem restoration.        
(16) Site-Specific Rural Agricultural Improvements:              
 Not included in this approach               
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Table 6-16. Residual Risk Management Costs for the State Systemwide Investment Approach 
   

REGION 

Enhanced Flood Emergency Response  Enhanced Operation and Maintenance Floodplain Management 
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      Low   High     Low  High   Low  High Low  High   Low   High   Low  High Low  High Low  High    ($) ($) 
1 - Upper 
Sacramento 
Region 

$15.0 $4.0 10  $5.0 to $6.0 $10.0 71 $14.0 to $18.0 10  $5.0 to $6.0 $12.0 to $15.0 150 $11.3 to $15.0 150 $11.3 to $15.0 $7.5 to $10.0 $95.0 to $114.0 $0.0 to $0.0 $95.0 to $114.0 

2 - Mid-
Sacramento 
Region 

$15.0 $14.0 16  $8.0 to $10.0 $10.0 301 $57.0 to $76.0 16  $7.0 to $9.0 $18.0 to $23.0 660 $49.5 to $66.0 660 $49.5 to $66.0 $33.0 to $44.0 $261.0 to $333.0 $0.0 to $0.0 $261.0 to $333.0 

3 - Feather River 
Region 

$15.0 $9.0 25  $13.0 to $15.0 $10.0 162 $31.0 to $41.0 25  $11.0 to $14.1 $ 2 7 . 0 to $36.0 270 $20.3 to $27.0 270 $20.3 to $27.0 $13.5 to $18.0 $170.0 to $212.0 $0.0 to $0.0 $170.0 to $212.0 

4 - Lower 
Sacramento 
Region 

$15.0 $3.0 38  $19.0 to $23.0 $10.0 43 $9.0 to $11.0 38  $17.0 to $21.5 $41.0 to $54.0 120 $9.0 to $12.0 120 $9.0 to $12.0 $6.0 to $8.0 $138.0 to $169.0 $0.0 to $0.0 $138.0 to $169.0 

5 - Delta North 
Region* 

$15.0 $11.0 19  $95.0 to $97.0 $10.0 252 $48.0 to $63.0 19  $9.0 to $10.7 $0.0 to $0.0 390 $29.3 to $39.0 390 $29.3 to $39.0 $19.5 to $26.0 $266.0 to $311.0 $0.0 to $0.0 $266.0 to $311.0 

6 - Delta South 
Region 

$15.0 $3.0 17  $9.0 to $11.0 $10.0 54 $11.0 to $14.0 17  $8.0 to $9.6 $0.0 to $0.0 270 $20.3 to $27.0 270 $20.3 to $27.0 $13.5 to $18.0 $110.0 to $135.0 $0.0 to $0.0 $110.0 to $135.0 

7 - Lower San 
Joaquin Region 

$15.0 $2.0 37  $19.0 to $23.0 $10.0 38 $8.0 to $10.0 37  $16.0 to $20.9 $0.0 to $0.0 60 $4.5 to $6.0 60 $4.5 to $6.0 $3.0 to $4.0 $82.0 to $97.0 $0.0 to $0.0 $82.0 to $97.0 

8 - Mid - San 
Joaquin Region 

$15.0 $3.0 19  $10.0 to $12.0 $10.0 51 $10.0 to $13.0 19  $9.0 to $10.7 $0.0 to $0.0 120 $9.0 to $12.0 120 $9.0 to $12.0 $6.0 to $8.0 $81.0 to $96.0 $0.0 to $0.0 $81.0 to $96.0 

9 - Upper San 
Joaquin Region 

$15.0 $11.0 40  $20.0 to $24.0 $10.0 228 $43.0 to $57.0 40  $17.0 to $22.6 $0.0 to $0.0 960 $72.0 to $96.0 960 $72.0 to $96.0 $48.0 to $64.0 $308.0 to $396.0 $0.0 to $0.0 $308.0 to $396.0 

Total $135.0 $60.0 221  $198.0 to $221.0 $90.0 1,200 $231.0 to $300.0 221 $99.0 to $125.0 $98.0 to $125.0 3,000 $225.0 to $300.0 3,000 $225.0 to $300.0 $150.0 to $200.0 $1,511.0 to $1,863.0 $0.0 to $0.0 $1,511.0 to $1,863.0 
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NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
Residual Risk Management Assumptions:   
(16) Additional Flood Information Collection and Sharing:    
 Includes $15 million per region to improve:  
  Identification and notification of the flood hazards to residents 
  Effectively broadcasting real-time flood information to rural areas 
  Mapping evacuation routes and provide them to public 
  Additional flood monitoring stations in rural areas 
 (17) All Weather Roads on Levee Crowns:    
 Includes Levee Crown Road All Weather resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile  
 (18) Local Flood Emergency Response Planning:    
 Includes a one-time expenditure of  $500,000 to $600,000 per Levee Flood Protection Zone to improve:  
  Assist local agencies to prepare flood emergency response plan 
  Train flood patrolling and flood fight 
  Conduct flood exercises with local entities 
  Develop communication tool and process for flood emergency response 
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications 
(19) Additional Forecasting and Notification:    
 Includes a one-time expenditure of  $10,000,000 per Region to improve:  
  Improve timing and accuracy of flood forecasts 
  Develop additional forecasting points to effectively serve rural communities 
  Develop an effective way of distribution forecasts to rural areas 
 (20) Identification and Repair  of After Event Erosions:    
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remain project. 
 (21) Develop and Implement Enhanced O&M  Programs and Regional Organizations:    
 Includes annual expenditures of  $4,000,000 to $5,000,000 per year to:  
  Develop and implement an enhanced O&M program and establish regional maintenance organizations.   
 (22) Sacramento Channel and Levee Management and Bank Protection :    

Channel and levee management program includes system capacity evaluation and remediation's and Sacramento River Bank Protection.  Assumes $4,000,000 to $5,000,000 per 
year over next 25 years.  State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System 

(23) Raising and Waterproofing  Structures and Building Berms:   
 Includes removing or raising structures within floodplains within rural areas. 
 Estimated in include about 3,000 homes  
 Costs estimated at $75,000 to $100,000 per house  
 A grant program to flood proof structures in rural floodplains (up to $100,000 per house and up to3,000 houses: totals up to $300 million) 
 (24) Purchasing and Relocating Homes in Floodplains:   
 Purchasing of houses in high risk areas of  rural floodplains (up to $100,000 per house and up to 3,000 houses (totals $300 million) 
 (25) Land Use and Floodplain Management Integration :   
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.   
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Urban Levee Evaluations 
Project Remediation 
Alternatives and Cost 
Estimate Report 
This appendix describes the remediation alternative analysis and cost 
estimates for addressing identified hazard factors for urban SPFC levees. 
Most of the hazard factors for achieving 200-year level protection were 
considered in the cost estimates, but not all. Non-structural levee 
improvements and encroachments which may negatively impact 200-year 
protection for some areas will likely still need to be addressed to achieve 
the protection required and these locally specific costs are not included.  
The urban 200-year cost estimates are incorporated into the overall total 
costs described in Appendix A. 
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ARCHITECTURAL AND ENGINEERING CONTRACTS 

FLOOD CONTROL SYSTEM STATUS REPORT (FCSSR) 
CONCEPTUAL COST ESTIMATING 

 

 
Date: July __, 2011 

To: Mike Inamine, Principal Engineer, Levees Portfolio Manager, DWR 
Steve Mahnke, Chief, Urban Levee Evaluations, DWR 

From: Richard Millet, URS Corporation 
Sujan Punyamurthula, URS Corporation 
Joseph Barnes, URS Corporation 

Reviewed By: __________, URS Corporation 

Contract: 4600008101, Task Order U14 

Subject: Conceptual Estimate of Levee Remediation Costs for Urban Levees 

 
1.0 BACKGROUND AND SCOPE 

The Department of Water Resources (DWR) is undertaking a program to determine the approximate cost 
to repair urban levees in 15 urban study areas covering the Sacramento and San Joaquin river systems 
to support preparation of the Flood Control System Status Report (FCSSR). On January 24, 2011, URS 
received written authorization to begin work on Task Order U14, which included providing geotechnical, 
civil engineering, and cost estimating support services for DWR relative to the FCSSR. 

In general, the scope of work for Task Order U14 consists of: 

Task 14-1: Adapting and using the Non-Urban Levee Evaluation (NULE) estimating protocol template 
to develop conceptual cost estimates to remediate structural and freeboard deficiencies identified for 
the 55/57 and 200-year design water surface elevations for the 15 Urban Levee Evaluation (ULE) 
study areas 

Task U14-2: Coordinating the work  

Task U14-3: Travel  

This memorandum documents the following work performed for each of the 15 ULE study areas under 
Task U14-1: 

1. Establishing ULE estimating protocol by using and updating the existing NULE estimating tool.  

2. Applying the estimating protocol to ULE FCSSR deficiencies identified by preliminary 
geotechnical evaluations completed for the reaches within ULE study areas.  

3. Identifying remediation alternatives based on engineering judgment for each reach to address the 
applicable deficiency (seepage, stability and freeboard). The “rule of thumb” engineering 
guidance developed in the NULE program was used to establish the physical dimensions for 
selected remediations and remediation alternatives. No engineering analyses of selected 
remediations were performed.  

4. Preparing conceptual cost estimates for each reach requiring remediation. 
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5. Presenting results to DWR reviewers and any applicable stakeholders, and modifying estimate 
results as necessary based upon comments received. 

6. Preparing this memorandum to present cost estimating results.  

Under Task U14-1, URS updated the Draft Parametric Cost Estimating Tool (Estimating Tool) developed 
for the NULE program. In general, the same types of remediations used for the NULE program were 
adapted for the ULE program. However, two special cases were added for the ULE program. These 
included jet grouting and mixed-in-place soil-cement auger piles (secant piles), which are described later 
in this memorandum. Adapting the use of the NULE Estimating Tool for the ULE program study areas 
provides a consistent methodology for generating levee repair alternative cost estimates for both 
programs.  

Under Task U14-1, URS selected levee remediation alternatives for levee reaches in ULE study areas 
that address deficiencies identified in FCSSR Tables and on Traffic Light Maps. Remediation estimates 
were prepared for reaches assigned ratings of “Does Not Meet Criteria” “Marginal Mets Criteria” or “Lacks 
Data” for freeboard, erosion, throughseepage, under seepage, or stability evaluations. Reaches that meet 
all criteria do not require remediation and have no remediation costs. The list below summarizes the 
number of reaches in each study area for which one remediation or more is required and for which URS 
prepared remediation cost estimates: 

Number of Reaches Requiring Remediation Cost Estimates 

ULE Study Area Design Water Surface 

55/57 
 

200-Year 
 American River   

Davis   

Marysville   

Natomas North, West and South    

Natomas East Main Drainage Canal (NEMDC) East   

NEMDC West   

Reclamation District (RD) 17   

RD 404   

RD 784   

Sacramento River   

San Joaquin Area Flood Control Agency (SJAFCA) (Bear)   

SJAFCA (Calaveras)   

Sutter   

West Sacramento   

Woodland   

 
As noted above, deficiencies were identified with regard to under seepage, throughseepage, stability, 
erosion, and freeboard deficiencies along levee reaches for the two design water levels. Deficiencies 
were identified based on limited, existing surface and subsurface levee data, past performance history, 
and preliminary analyses.  

Cost estimates presented in this memorandum provide a base case for flood mitigation planning by DWR 
for ULE study areas. These estimates reflect an estimated cost to remediate levees so that remediated 
levees would conform to applicable design-basis hydraulic and freeboard requirements stipulated in one 
or more of the following agreements between the federal government and the state of California: 
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 1953 Memorandum of Understanding Respecting the Sacramento River Flood Control Project 
between the USA (United States Army Corps of Engineers) and the State of California, dated 
November 6,1953 (MOU1953) 

 Supplement 1 to MOU1953, dated November 25, 1957 

 Supplement 2 to MOU1953, dated June 5, 1958 

2.0 TECHNICAL APPROACH TEAM MEETINGS 

No Technical Approach Team (TAT) meetings were conducted for the ULE Project work described in this 
memorandum. However, 13 such meetings were conducted for the NULE Project between June and 
October 2010 and the work approach for remediation selection and cost estimating developed from these 
meetings has been carried forward into the estimating work for the ULE program wherever applicable.  

3.0 IDENTIFICATION OF REMEDIAL ALTERNATIVES AND DEVELOPMENT OF UNIT COSTS 
FOR ULE PROJECT LEVEES 

3.1 Key Estimating Assumptions 

Based upon issues, questions discussed, and recommendations made during the prior NULE TAT 
meetings, URS developed a draft list of key estimating assumptions. These have been adapted to the 
ULE estimating work. Attachment 1 contains a list of the key estimating assumptions used for ULE. Some 
key assumptions are further described below. 

3.1.1 Environmental Mitigation 

Due to lack of site-specific environmental information, and lack of time to develop specific data, the 
current Estimating Tool provides only two mitigation percentages: 25 and 35 percent of the total direct 
construction cost. The cost estimates presented in this memorandum use the higher percentage in all 
ULE program study areas, as agreed upon with DWR. 

3.1.2 Land Acquisition 

The estimates include allowances for temporary and permanent easement acquisitions required for each 
remediation based upon the estimated footprint for the remediation. Figure 1 shows basic land acquisition 
requirements for various seepage/stability berm and seepage cutoff wall remediations. Allowances 
include land required for remediation, land required for a 20-foot-wide permanent Central Valley Flood 
Protection Board (CVFPB) easement along the landside toe, and land required for a 5-foot-wide 
additional temporary easement that provides a 25-foot construction corridor when combined with the 
CVFPB easement. Because of the lack of available easement data for many levee reaches in the 
ULE Project, URS assumed that no easements currently exist in the estimates provided in this 
memorandum. 

There are four categories for land use identified in the Estimating Tool: 

 Agricultural 

 Orchard 

 Commercial 

 Residential 

Attachment 1 identifies the input cost parameters for each of these land uses. Note that the cost for 
residential land in ULE program study areas is $1,000,000 per acre compared to $300,000 per acre used 
in the NULE program. When assigning remediations to a levee reach, an estimate of the percentage of 
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each land category potentially impacted by the remediation was determined. These percentages are an 
input parameter to the Estimating Tool. The Estimating Tool calculates a composite real estate rate per 
acre based on the input percentages, and uses this composite rate to estimate real estate costs for the 
remediation alternative’s required area. 

3.1.3 Freeboard, Geometry, and Rock Slope Protection for Erosion Remediation 

All reaches within the 15 ULE study areas identified as having a freeboard deficiency were remediated as 
described later in this memorandum.  

A geometry check against the applicable standard template described in the MOU1953 was performed as 
part of the Tier 1 erosion investigation. If the geometry check failed, but there was no performance history 
of erosion, no remediation or remediation cost for erosion was deemed necessary. If performance history 
indicated erosion was a problem (usually a sub-reach length), then erosion was remediated for that length 
and a rock slope protection erosion repair cost was included in the cost estimate for the affected lengths 
in a reach. Where erosion remediation is required, rock slope protection was considered as the 
remediation method for costing purposes.  

If the geometry check failed, and a remediation was also required in the reach for another deficiency 
(seepage, stability, etc.), a geometry remediation was specified and estimated. To date in the Urban 
Program, except for West Sacramento, only Tier 1 of the three tier erosion program has been completed. 
All erosion evaluations will be completed in the GERs. Therefore, a geometry check against the USACE 
design MOU was used as a proxy for initial assessment in the FCSSR review. However, it was decided 
by DWR (planners) that, although the geometry check may not be satisfied, no remediation would be 
required unless there had been a past history of erosion issues in a reach. 

3.1.4 Revegetation 

For the estimates presented in this memorandum, revegetation of disturbed areas and new construction 
areas (other than rock slope protection areas) was assumed to be limited to hydroseeding. This is the 
customary treatment for recent levee remediation projects. The cost for special plantings, irrigation 
systems, and ongoing maintenance included as part of the emergency levee repair program was not 
reflected in the estimates presented in this memorandum. 

3.1.5 Escalation 

Cost estimates include escalation for one year from October 2010 to October 2011 as requested by the 
Central Valley Flood Protection Planning Group. Escalation is assumed at 3 percent per year. 

3.1.6 Other Direct and Indirect Costs 

In addition to escalation and other factors mentioned previously in this memorandum, cost estimates 
provided in this memorandum also include appropriate allowances (as a percentage of direct construction 
cost) for engineering and design, engineering support during construction, construction management, and 
owner legal costs. The respective allowances for these costs are presented in Attachment 1.  

3.1.7 Burrowing Animal Infestation 

Levees can have significant burrowing animal infestation. As agreed upon in the NULE program by TAT 
participants, such infestations were not taken as a cause for remediation by themselves. Continuing this 
concept, no estimated costs to treat burrowing animal infestation are included for ULE program levee 
reaches in this memorandum.  
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DWR has evaluated an approximate cost to repair burrowing animal damage as a maintenance activity by 
evaluating historical data for a 23-mile-long reach of levee. The results of the evaluation indicate that the 
material, equipment, and labor cost to backfill holes can range from $2,000 to $3,000 per mile for one 
treatment cycle. The need for addition and/or ongoing treatment cycles would increase this estimated 
cost.  

3.1.8 Guidance for Defining Dimensions for Slurry Walls and Seepage Berms for Estimating 

There are locations in ULE study areas (at the two design water surfaces) where the width of seepage 
berm or depth of slurry wall cannot be determined based on currently available information. In such 
cases, an approximation method was used to select wall depths and seepage berm widths that would 
provide comparable levels of protection. Selection criteria for wall depth and berm width for ULE is based 
on landside height of levee and is the same criteria agreed upon by TAT participants for the NULE 
program. This criteria is discussed further in the Estimating Assumptions (Attachment 1). 

3.1.9 Handling Levee Reaches with Overbuilt Crest Width 

When selecting remediations and preparing cost estimates for the ULE program, analysts noted that a 
significant number of reaches within the study areas had overbuilt crest widths that exceeded the 
applicable criteria. For overbuilt reaches requiring slurry wall or DSM wall remediation for throughseepage 
or under seepage, analysts initially assumed that the degraded levee section would only be rebuilt back 
to the criteria width to avoid overestimating the cost of earthwork. However, during DWR’s review of draft 
estimates DWR asked URS to modify the estimates to include levee reconstruction to the existing width. 
Because of the normal variation in existing width and construction tolerance that can existing along a 
levee reach, URS adopted the following criteria to estimate reconstruction earthwork costs: 

 If the existing levee width is less than 20 feet, then use the existing crest width, but do not use less 
than 12 feet in any case. 

 If the existing width is between 20 and 23 feet, use 20 feet for the crest width. 

 If the existing levee crest is between 24 and 39 feet, use the existing crest width. 

 If the existing levee crest is greater than 40 feet, then assume no levee degrade is necessary for 
cutoff wall construction and that the cutoff wall is constructed from the level of the exiting crest. 

3.1.10 Limitations 

The assumptions described in this section and those documented in Attachment 1 are for a conceptual-
level planning effort. They are reasonable and appropriate given the limited physical and geotechnical 
data and the lack of specific remediation designs. Because of these limitations, URS recommends the 
estimates presented in this memorandum are solely used as a tool for levee remediation program 
planning. These cost estimates should not be used for actual construction budget planning, and 
should never be used on a reach-by-reach basis.  

3.2 Estimating Tool Background and Update 

The Estimating Tool used for the ULE program is the same tool use for the NULE program, except that 
two additional remedial alternatives were added: 

 Using in situ-mixed soil-cement auger holes to form a series of parallel secant walls perpendicular to 
the levee center line where landside slope stability is a deficiency in densely residential areas and/or 
where property acquisition to construct a stability berm is not practical 

 Using jet grouting for seepage control in areas where there are existing gaps in slurry wall cutoffs due 
to obstructions such as pipelines, bridges, etc. (particularly along American River reaches).  
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Attachment 2 is a technical memorandum providing information about the auger hole (secant pile) 
remedial alternative. 

3.3 Unit Rates and Cost Elements for Estimating 

Unit rates and the various indirect cost and overhead factors used in the Estimating Tool are shown on 
Table 1. When selecting the rates shown on Table 1, analysts used caution and avoided adopting any 
highly competitive lower rates seen during bidding happening in the recent economic downturn.  

3.4 Identifying Remedial Alternatives 

The remedial alternatives that are used individually or in combination to address all deficiencies identified 
in the FCSSR process are listed below. 

Alternative Type of Deficiency Remediated 

Drained stability berm Throughseepage and stability deficiencies 

Seepage berm Underseepage deficiency 

Combination drained stability and seepage berm Throughseepage, underseepage, stability deficiencies 

Conventional soil-bentonite slurry wall (up to 75 feet 
remediation depth) 

Throughseepage and underseepage deficiencies 

Deep Soil Mixing (DSM) wall  
(greater than 70 feet remediation depth ) 

Throughseepage and underseepage deficiencies 

Rock slope protection Waterside erosion deficiency 

Replacement levee Throughseepage and stability deficiencies 

Freeboard/geometry remediation Freeboard and/or geometry deficiencies 

Secant Walls (soil-cement auger holes) Slope stability where property acquisition is not feasible 

Jet grouting Throughseepage and underseepage  

 
Standardized details were developed for each remedial alternative to be used. These alternatives were 
used as building blocks that could be estimated separately or combined with others to provide a complete 
remediation estimate for any given set of deficiencies. Typical remediation details for berms and seepage 
cutoff walls are shown on Figure 2. Lettered dimensions on Figure 2 are those typically used as input for 
the Estimating Tool. Figure 3 shows typical details for the rock slope protection remediation. Different 
remediation combinations could be used to provide alternative remediation sets for comparison and 
selection of the minimum cost. For example, a slurry wall and stability berm combination could be 
compared against a combination berm where underseepage, throughseepage, and stability deficiencies 
exist. Figure 4 shows typical details for the freeboard remediation. Note that the remediation assumes 
that landside levee widening would be used to provide acceptable freeboard configurations and to 
minimize environmental remediation costs associated with work on the waterside of the levee. Details for 
the secant wall and jet grouting alternatives are shown in Attachment 2. 

As mentioned above, the drained stability berm, combination berm, slurry and DSM cutoff wall, and 
freeboard/geometry remediations were developed to be used as building blocks. These building blocks 
can be put together, as needed, to address one or more deficiencies without duplicating earthwork or 
other major cost items. For example, if a slurry wall is needed along with a freeboard/geometry 
remediation for a particular alternative, the components would be assembled and estimated as follows: 
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 Levee degrade and reconstruction earthwork volumes and costs for the slurry wall would be for the 
existing levee height and crest width.  

 After reconstruction to existing conditions, the earthwork for the freeboard/geometry prism would be 
added over and landside of the existing levee prism. This avoids earthwork overlap for the two 
operations and avoids degrading the levee by 50 percent of the raised height. Taken together, the 
sum of the two earthwork volumes represents the total earthwork required.  

If a drained stability berm is needed along with a freeboard/geometry remediation for a particular 
alternative, the components would be estimated as follows: 

 The earthwork for the freeboard/geometry prism would be added over and landside of the existing 
levee prism. This provides the required geometry and provides a 2.5:1 landside slope.  

 The drained stability berm would then be added to the freeboard/geometry repair. 
Freeboard/geometry repair volumes do not overlap with the stability berm volumes, but taken 
together, the sum of the two volumes represents the total earthwork required.  

Another condition involves seepage and non-seepage related stability. For seepage related stability, a 
slurry cutoff wall and drained stability berm would be appropriate alternatives. However, for non-seepage 
related stability, both the wall and the stability berm would be required for a complete remediation. This 
difference is reflected in the database evaluation of the alternatives and, for non-seepage related stability, 
the cost of the wall and berm are added together to develop the remediation cost.  

3.5 ULE Levee Reaches Evaluated 

Of the ___ levee reaches in the 15 ULE study areas, __ meet applicable criteria and do not require 
remediation at this time. This leaves ___ reaches that are assigned to the categories Does Not Meet 
Criteria, Marginally Mets Criteria, or Lacks Data for one or more potential failure modes. For these 
reaches, remediations were selected and cost estimates were prepared to address all identified 
deficiencies.  

4.0 SELECTION OF REMEDIAL ALTERNATIVES AND DEVELOPMENT OF COST ESTIMATES 
FOR ULE LEVEE REACHES  

4.1 Selecting Remedial Alternatives 

Technical teams were established to review and select remedial alternatives for each reach where one or 
more deficiencies were identified. For continuity, teams were established and assigned reaches so that 
team members already would be familiar with the reaches from their previous work on the FCSSR 
evaluations. All reaches with deficiencies categorized as Does Not Meet Criteria, Marginally Mets Criteria, 
or Lacks Data are remediated. Reaches that met all applicable criteria but had a freeboard deficiency 
were remediated for the freeboard deficiency. 

Teams used a standardized Remediation Selection Form (Figure 5) to identify remediations to be 
estimated, including an alternative where possible, and to fill in the basic data required for the estimate 
(length, depth, width of the remediation, etc.). 

After remedial alternatives were selected by each team, the selections shown on the Remediation 
Selection Forms were reviewed and critiqued by an independent URS senior review committee familiar 
with the levee system. After the review process was completed for reaches, the Remediation Selection 
Forms were used by the estimating team to prepare the cost estimates. 
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4.2 Preparing Cost Estimates 

The Estimating Tool was used to prepare estimates for remediation combinations identified on the 
Remediation Selection Forms.  

4.3 Compiling Estimate Data for Presentation 

Because of the large volume of estimating data generated, URS used a Microsoft Access database to 
compile the results. The database was then used as a tool to analyze the data and tabulate the results in 
a series of summary tables discussed further in Section 5.0. The content and format of the summary 
tables is the same as was used for NULE program reporting, which was discussed and agreed to in 
NULE TAT meetings. The database compares costs and selected the minimum cost where alternative 
remediations were evaluated, then added the minimum alternative cost to other fixed remediation costs 
(erosion, secant wall, jet grouting) to provide the total remediation cost for each reach within the 15 study 
areas. Costs are summarized in the various tables described below in Section 5.0.  

5.0 OPINION OF PROBABLE COST 

5.1 Remediation Costs for Levee Reaches Included in the FCSSR 

Estimating results are presented on Tables 2 through 5. Table 2 presents an over-all summary. Costs 
based upon the type of remediation required are provided on Tables 3 through 5 as follows: 

 Table 3: Structural Remediations  

 Table 4: Waterside Erosion Remediations 

 Table 5: Freeboard Remediations 

For each type of remediation, costs are typically sorted and grouped first by study area, then by overall 
hazard categorization, then by reach name.  

Table 3 summarizes costs specifically for structural remediations to address throughseepage, under 
seepage, and stability deficiencies.  

Table 4 summarizes costs specifically for erosion remediations based upon the individual reach 
categorization for erosion provided in the FCSSR. Estimated costs are for rock slope protection 
remediation only.  

Table 5 summarizes costs to remediate freeboard deficiencies through crest raising and landside 
widening, if necessary.  

Detailed information for all estimates (reach by reach) from the database is provided in Attachment 3. 
Tables 2 through 5 described above were developed by sorting the information presented in 
Attachment 3.  
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6.0 ESTIMATE LIMITATIONS AND FUTURE UPDATES 

The estimates provided in this memorandum are order-of-magnitude estimates based on limited data and 
evaluation provided in the FCSSR. Simplifying assumptions were made by URS and agreed to by DWR 
to facilitate estimating. These assumptions are reasonable and appropriate considering the limited 
physical and geotechnical data and lack of specific remediation designs. The extent and depth of selected 
remediations used to address deficiencies identified in the FCSSR and estimate costs are based on 
engineering judgment without detailed analysis, which is beyond the scope of work authorized by the task 
order. Cost estimate results presented in this memorandum should only be used by DWR as a tool for 
levee remediation program planning and not for actual construction budget planning, particularly on an 
individual reach-by-reach basis.  

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLES 
 

Table 1 Unit Price Cost Data 

Table 2 Estimated Remediation Costs Grouped By Study Area and Assigned 
Category 

Table 3 Estimated Throughseepage, Under seepage and Stability Remediation 
Costs Grouped by Study Area and Assigned Category 

Table 4 Estimated Erosion Remediation Costs Grouped by Study Area and 
Assigned Category 

Table 5 Estimated Freeboard Costs Grouped by Study Area 

 



 

 

TABLE 1 – UNIT PRICE COST DATA 

Item Percent Unit Price 
(Dollars) 

Unit 

Escalation to October 2011 3 - LS 

Contingency 30 - LS 

Design and Engineering 15 - LS 

Owner Permitting and Legal 5 - LS 

Engineering During Construction 2 - LS 

Construction Management/Site Inspection 15 - LS 

Mobilization and Demobilization 5 - LS 

Permanent Right Of Way, Agricultural  10,000.00 Acre 

Permanent Right Of Way, Orchard  30,000.00 Acre 

Permanent Right Of Way, Commercial  150,000.00 Acre 

Permanent Right Of Way, Residential  1,000,000.00 Acre 

Temporary Easement  5,000.00 Acre 

Clearing and Grubbing  5,000.00 Acre 

Stripping  3,000.00  

Excavation  5.00 CY 

Select Levee Fill  16.00 CY 

Berm Fill  10.00  

Bedding Layer  60.00 Ton 

Aggregate Base  35.00 Ton 

Hydroseeding  2,000.00 Acre 

Soil-Bentonite Slurry Wall  10.00 SF 

Deep Soil Mixing (DM) Slurry Wall  22.50 SF 

Environmental Mitigation 35 - LS 

Drain Rock, Filter Layer, Geotextile  60.00 CY 

Unallocated Items 15 - LS 

Unsuitable Material Disposal  4.00 CY 

Stockpile And Reuse Suitable Material  4.00 CY 

Place Reusable Material  6.00 CY 

Rock slope protection, levee height 5’  523.00 LF 

Rock Slope Protection, levee height 10’  1,070.00 LF 

Rock Slope Protection, levee height 15’  1,642.00 LF 

Rock Slope Protection, levee height 20’  2,240.00 LF 



  

 

TABLE 1 – UNIT PRICE COST DATA 

Item Percent Unit Price 
(Dollars) 

Unit 

Pier Wall, Dry Method, Levee Height 10’  450.00 LF 

Pier Wall, Dry Method, Levee Height 15’  540.00 LF 

Pier Wall, Dry Method, Levee Height 20’  660.00 LF 

Pier Wall, Dry Method, Levee Height 25’  780.00 LF 

Pier Wall, Dry Method, Levee Height 30’  900.00 LF 

Pier Walls, Wet Method, Levee Height 10’  890.00 LF 

Pier Walls, Wet Method, Levee Height 15’  1,120.00 LF 

Pier Walls, Wet Method, Levee Height 20’  1,350.00 LF 

Pier Walls, Wet Method, Levee Height 25’  1,590.00 LF 

Pier Walls, Wet Method, Levee Height 30’  1,820.00 LF 

Jet Grouting  100.00 CY 
Note: 1. Pier wall cost (either wet or dry method) is interpolated from the costs provided above based upon the 

actual height of the levee.  
 2. Rock slope protection cost is interpolated from the costs provided above based upon the actual height 

of the levee. 

 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 
 

Figure 1 Proposed Land Acquisition Approach 

Figure 2 Typical Remediation Details 

Figure 3 Rock Slope Protection 

Figure 4 Freeboard and Geometry Repair 

Figure 5 Remediation Selection Form 

 
 











DWR Non Urban Levee Evaluations (NULE) Program
Selection of Remediation Alternatives for NULE RACER

Segment Identification and Location LAT Data Summary from Draft GAR, Dated June 2010
Segment ID: Deficiency Extent Comments Evaluated By:
Reach No.: (% of Total Length) Area Lead: 
Total Length: (feet)      Date:
Name: Prepared By:
Agency:      Date:
Unit:
Levee Mile:
NULE Stationing:

Select Alternative Parameters for Estimating - Seepage and Stability

Length
Existing 
ROW

See 
Note 1

Crest 
Width Comments

Deficiency From To (Feet) Width "H" "H1" "H" "Wb" "H" "H1" "Wb" "%" "W" "H" "D" "H" "D" "Orch" "Agr" "Res" "Com"

Note 1: Provide the estimated % of levee degrade material that could be reused for levee reconstruction for either the conventional backhoe option or the DSM wall option.

Select Alternative Parameters for Estimating - Rock Slope Protection and Geometry Repairs

Length Comments

Deficiency From To (Feet) Width
Slope 
Length "H" "h1" "Crest" "H" "Orch" "Agr" "Res" "Com"

FIGURE 8

Underseepage
Mode

Right Bank Sta  to Sta
LM to LM 
Unit 
RD

Potential Failure

Located Between
Existing 
ROW

Geometry
Repair

Categorization

Located Between Seepage Berm

Slurry Wall (Pick Only One)
Conventional 

Backhoe DSM Wall

Stability

Rock Slope
Protection

Replacement
Levee

ROW Land Use (%)

Remediation Alternatives Selected

Erosion

ROW Land Use (%)

Drained 
StabilityBerm Combination Berm

Through Seepage



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 1 
 

LIST OF KEY ESTIMATING ASSUMPTIONS 
 



 

 

Assumptions and Discussion 
1 Remediation estimates will be prepared for levee reaches with composite classifications of “MG,” 

“DNM,” or “L.” Estimates also should include levee reaches with an “L” classification that could 
become an “M” classification based upon additional information obtained in the future. 

2 Because of the limited information available to evaluate levees for FCSSR, the cost estimate will 
be an order-of-magnitude cost estimate comparable to a Class 4 estimate as defined by the 
American Association for the Advancement of Cost Estimating, which can vary in accuracy from 
-30% on the low side to from +20% to +50-percent on the high side.  

3 Cost estimates for remediation alternatives will include: 
• Direct construction costs 
• Contingencies (30% of construction cost) 
• Design, Engineering costs (15% of construction cost)  
• CM (15% of construction cost) 
• Permitting/Legal (5% of construction cost) (See Items 16 and 17 also) 
• Environmental mitigation (25% or 35% of construction cost) (see Item 23 also) 
• Escalation (3% per year) 

4 The cost estimating tool is currently limited to eight remediation types: drained stability berm; 
seepage berm; combination seepage-stability berm; conventional slurry wall to maximum depth of 
70 feet below working surface; deep soil mixing (DSM) wall for wall more than 70 feet deep 
measured below the working surface; erosion repair; levee replacement in place; and 
freeboard/geometry.  

5 The only remediation being considered for waterside erosion is the placement of rock slope 
protection in deficient reaches. The length of slope repair on slope will be six times the landside 
levee height. The following costs per foot have been prepared for four levee heights: 
 

Levee Height Slope Length $ Per Foot 
 5 feet 30 feet $523 
 10 feet 60 feet $1,070 
 15 feet 90 feet $1,642 
 20 feet 120 feet $2,240 
 

The estimating tool will interpolate the cost per foot from the above values based on the actual 
levee height where remediation is required.  

6 For any remediation requiring additional land acquisition, existing right-of-way (ROW) can be 
estimated from existing readily available data (assessor’s maps, owner contact, fence lines on 
aerials, etc.). However, for this estimate, existing ROW width will be assumed to be zero. 

7 For any berm-type remediation requiring land acquisition, 20 feet of addition permanent ROW 
will be acquired along the landside toe of the remediation to satisfy planned Central Valley Flood 
Protection Board (CVFPB) easement requirements (see Figure 1). 

8 For any berm remediation requiring additional land acquisition, 5 feet of additional temporary 
easement will be obtained such that the 5-foot temporary easement plus the adjacent 20-foot 
permanent easement for CVFPB will provide a construction easement of 25 feet along the 
landside toe of the remediation (see Figure 1). 

9 For slurry wall or DSM remediations, the 20-foot CVFPB permanent easement (less any existing 
easement) and 5-foot temporary easement will also be obtained along the landside toe of the levee 
(see Figure 1). 



  

 

Assumptions and Discussion 
10 Costs for four land use categories are covered in the estimating tool: orchard, agricultural, 

industrial, and residential. Where remediations are required and land acquisition is needed, the 
percentage of each use category will be estimated from aerial photographs or other readily 
available information and a composite cost for temporary/permanent land acquisition based on the 
percentages will be used. The basic land costs currently being used in the cost estimating tool are: 
 

Agricultural  $10,000 per acre 
Orchard  $30,000 per acre 
Commercial $150,000 per acre 
Residential $300,000 per acre (subsequently changed to $1,000,000 per acre. 

11 The temporary/permanent property acquisition costs described above address the cost of procuring 
the land. In addition, a 5% allowance for legal costs for land acquisition will also be included. The 
percentage will be multiplied by the total direct construction cost to obtain the legal cost 
percentage. Legal costs could be more expensive than the land acquisition cost depending upon 
the amount of land acquired.  

12 Remediation of levee geometry deficiencies is based upon the levee configuration described in the 
1953 Memorandum of Understanding between the USACE (USA) and State of California. In 
summary these configurations are: 3:1 waterside slopes for all levees, 20-foot- or 12-foot-wide 
crest depending upon location, 2.5:1 landside slopes for bypass levees, and 2:1 landside slopes for 
other levees.  

13 Selection of remediation alternatives and extent of remediation required will be based upon 
information in the P1GER and GER wherever possible. Simplifying assumptions should be made 
where information is not available (see seepage berm and slurry wall items below as an example). 
Where specific lengths for required remediation alternatives cannot be readily determined, the 
percentage of total reach length requiring remediation as noted in the FCSSR will be used. 

14 The estimate assumes the use of hydroseeding to revegetate new slopes or restore other areas 
disturbed during construction. The cost for plantings, irrigation systems, fencing, etc., installed as 
part of the emergency levee repair program will not be reflected in the ULE estimating tool. 

15 For estimating purposes, all slurry walls and DSM walls are assumed to be 36 inches wide 
regardless of depth. 

16 Levee degrade for slurry wall and DSM wall construction is assumed to be 50% of the height of 
the levee measured on the landside, and the 50% degrade is assumed to provide suitable working 
width for equipment. For low height levees (generally 5 feet high or less) that require a cutoff 
wall, the levee section would be removed to existing grade measured on the landside.  

17 Imported or on-site material used to reconstruct levees within the levee prism or to construct 
drained stability berms is assumed to meet current USACE criteria for select levee fill. Material 
used to construct seepage berms (other than drain layers) can be any suitable material. 



  

 

Assumptions and Discussion 
18 There may be areas where the length of seepage berm or depth of slurry wall cannot be 

determined based upon available information. In this case, an approximation method is used to 
select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width are based upon landside height of levee and are as 
follows: 
 
No Geotechnical Data Available: 

Select H = Levee height measured from landside toe 
Depth of wall measured from foundation level is 20 feet minimum or 3*H, whichever is 
larger. 
Round result to the nearest higher foot and add H/2 to extend to degrade level and get total 
wall depth for estimating. 

Geotechnical Data Available: 
Select H = Levee height measured from landside toe 
 If aquaclude >70 feet and H<= 23 feet then stop wall at 70 feet 

Assume 70 feet is measured from degrade level. 
(This assumes going to the maximum wall depth for conventional wall construction)  

 If aquaclude >70 feet and H>23 feet then go to aquaclude + 6 feet toe-in 
Add H/2 to extend to degrade level and get total DSM wall depth for estimating 

19 The cost estimate will not include any allowance for ongoing operation and maintenance costs of 
facilities after remediations are constructed. 

20 The cost to make animal burrow repairs will not be included in the cost estimate. 
21 For estimating purposes, all levee sections degraded to construct slurry walls will include a new 

crest road with 6 inches of aggregate base (AB). AB section will be placed above the levee crest 
elevation required for freeboard. Where paved public roads are known to exist on the crest of a 
levee, an allowance will be included for repaving. 

22 For estimating purposes, levee sections where landside berms are constructed or erosion 
protection is placed will have up to 4 inches of AB added to the crest to supplement existing 
surfacing to address possible deterioration of the existing crest road due to construction activities. 

23 A low environmental mitigation cost factor and a high environmental mitigation cost factor will 
be used. The low factor will be 25 percent and the high factor will be 35 percent. These factors 
will be multiplied by the direct construction cost for a remediation to estimate the environmental 
mitigation cost. All cost estimates will begin at 25 percent. A biologist will review available data 
for a levee region (such as state environmental databases, County General Plans, etc.) and 
determine those requiring the higher percentage based upon the possible presence of wetlands, 
wetland indicator species, or threatened or endangered species. Any main stem levee requiring 
waterside erosion remediation will also be assigned the higher environmental mitigation 
percentage. (Subsequently determined that 35 percent environmental cost mitigation factor 
would be used for levee segments within the ULE Program Area.) 
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Landside Slope Stability Deficiencies Using Drilled Piers as 
Shear Walls 

Prepared By: Joseph Barnes, PE 

Reviewed By: Richard Millet, GE 
 

BACKGROUND 

Some levee segments in the urban levee evaluation (ULE) program have landside stability 
deficiencies. Because of the proximity of residential development adjacent to the levee, the use 
of a landside stability berm is not practical due community disruption and the potential high cost 
of acquiring permanent landside easements for berm construction and maintenance. For this 
reason, an alternative stability remediation method is being proposed for use in these areas. 
The remediation utilizes auger-drilled, cast-in-place soil-cement piers to improve slope stability. 
The method and associated costs are described herein. 

METHODS 

The methods and installation costs described below were developed from information provided 
by Haywood-Baker, and the mix-in-place construction methods have been used previously on 
USACE projects in Louisiana. 

Dry method: The dry method is intended for use in soils that have moisture contents generally 
greater than 40-percent (%) and 60%. A typical installation would be as shown in the Figure 1. 
The method involves auger drilling a series of soil-cement piers adjacent to each other in a line 
oriented perpendicular to the levee centerline to form a shear wall. The levee would be 
degraded approximately 50% of its height and the excavated material would be deposited in a 
bench on the landside to form the working platform for pier installation. The piers would be 0.8 
meters (32-inches) in diameter. Parallel lines (secant) of auger holes would be spaced 
approximately D/3 along the centerline of the levee where D is approximately equal to [20’ + 
½*H]. According to information provided by Haywood-Baker, budget pricing for the installed cost 
for each auger hole is approximately $10 per foot measured vertically. The installation method 
does not produce a significant quantity of waste material. Cement is added to produce a mix 
with strength between 100 psi and 200 psi. The tops of piers in the bench area would be cut to 
finished grade as the bench is removed to reconstruct the levee.  



 

 

Figure 1 

  

Wet method: The wet method is intended for use in all soil types. Typically, in very soft soil 
conditions, large diameter augers up to 8-foot diameter are used and they are placed side by 
side laterally and longitudinally along the levee. However, for the ULE FCSSR process, this 
severe installation condition is not expected. Thus, to support the cost analysis for pier 
installation in wet soils, it is assumed that the pier configuration would be the same at that 
proposed for pier installation in dry soils as shown on Figure 1. According to information 
provided by Haywood-Baker, budget pricing for the installed cost for each auger hole is 
approximately $70 per cubic yard of soil treated. 

ESTIMATED UNIT COSTS FOR PIER INSTALLATION  

Dry Method: Using the arrangements shown on Figure 1 and the unit cost of $10 per foot of 
depth drilled per pier, the estimated cost per lineal foot of levee to install the pier walls is shown 
in Table 1. 

Table 1 – Dry Method Piers 
Levee Height 

(Feet) 
D (Feet) Total Cost Per 

Shear Wall Line ($) 
Equivalent Cost Per Lineal Foot of 
Levee for D/3 Wall Line Spacing ($) 

10 25 3,750 450 

15 27.5 4,950 540 

20 30 6,600 660 

25 32.5 8,450 780 

30 35 10,500 900 

 

Elevation 

D/3 

D/3 

2:1 Slope 
15’ 

20’ Crest 

20’ 

Degrade 

H/2 
H 

Foundation Level D Cut Pile Tops to Finished 
Grade in this Area as 
Bench is Removed 

Plan 



 

 

Wet Method: Using the arrangements shown on Figure 1, assuming an equivalent wall 
thickness of 36 inches from the augering, and the unit cost of $70 per cubic yard of mixed-in-
place pier, the estimated cost per lineal foot of levee to install the pier walls is shown in Table 2. 

Table 2 – Wet Method Piers 
Levee Height 

(Feet) 
D (Feet) Total Cost Per 

Shear Wall Line ($) 
Equivalent Cost Per Foot of Levee for 
D/3 Wall Line Spacing ($) 

10 25 7,390 890 

15 27.5 10,270 1,120 

20 30 13,530 1,350 

25 32.5 17,190 1,590 

30 35 21,230 1,820 

 
The costs provided in Table 1 and Table 2 are for pier wall installation only. These costs per foot 
would be added to the cost per foot for the earthwork and other civil costs to degrade and 
rebuild the levee to arrive at the total cost to remediate using the pier wall method.  
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TABLE 9-A
 OVERALL COST SUMMARY GROUPED BY FCSSR CATEGORY AND REMEDIATION

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Reach
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

Overall Summary

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $2,508,650,000 $23,699,000 $341,415,0001,037,580 713,190 11,700 415,460 $23,208,00013,410

L $44,199,000 $0 $2,774,00025,110 14,710 0 6,900 $1,056,000650

MG $69,372,000 $0 $0139,360 128,600 0 0 $2,757,0001,250

$2,622,221,000 $23,699,000 $344,189,0001,202,050 856,490 11,700 422,360Grand Total: $27,020,00015,310

 Page 1 of 6
Table 9-A and 9-B

2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.

Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: American River

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $0 $0 $27,710,00058,840 0 0 12,470 $16,153,0009,910

$0$0 $27,710,00012,4700Subtotal 58,840 0 $16,153,0009,910

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: Davis

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $148,635,000 $0 $46,344,00071,500 58,760 0 67,040 $00

$0$148,635,000 $46,344,00067,0400Subtotal 71,500 58,760 $00

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: Marysville

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $188,051,000 $0 $1,539,00039,220 39,220 0 4,610 $00

$0$188,051,000 $1,539,0004,6100Subtotal 39,220 39,220 $00

 Page 2 of 6
Table 9-A and 9-B

2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.

Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: Natomas NWS

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $118,367,000 $0 $038,690 37,690 0 0 $1,541,0001,000

L $2,660,000 $0 $01,350 1,050 0 0 $447,000300

$0$121,027,000 $000Subtotal 40,040 38,740 $1,987,0001,300

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: NEMDC East

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $139,838,000 $0 $045,840 35,650 0 0 $00

MG $3,157,000 $0 $08,560 2,100 0 0 $00

$0$142,994,000 $000Subtotal 54,400 37,750 $00

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: NEMDC West

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $125,506,000 $0 $17,665,00060,880 58,370 0 39,670 $00

MG $8,343,000 $0 $04,000 4,000 0 0 $00

$0$133,849,000 $17,665,00039,6700Subtotal 64,880 62,370 $00

 Page 3 of 6
Table 9-A and 9-B

2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.

Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: RD 17

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $166,191,000 $0 $9,199,00060,000 54,100 0 9,600 $00

MG $29,978,000 $0 $0116,900 115,100 0 0 $00

$0$196,168,000 $9,199,0009,6000Subtotal 176,900 169,200 $00

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: RD 404

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $30,149,000 $0 $7,227,00015,100 15,100 0 15,100 $00

$0$30,149,000 $7,227,00015,1000Subtotal 15,100 15,100 $00

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: RD 784

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $53,861,000 $0 $6,569,00020,110 20,110 0 11,110 $00

L $2,524,000 $0 $873,0001,980 1,980 0 1,700 $00

$0$56,385,000 $7,442,00012,8100Subtotal 22,090 22,090 $00

 Page 4 of 6
Table 9-A and 9-B

2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.

Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: Sacramento River

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $257,202,000 $0 $56,226,00062,800 26,100 0 42,800 $5,514,0002,500

MG $0 $0 $02,500 0 0 0 $2,757,0001,250

$0$257,202,000 $56,226,00042,8000Subtotal 65,300 26,100 $8,271,0003,750

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: SJAFCA Bear Creek

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $18,569,000 $0 $76,912,000142,170 12,360 0 84,750 $00

$0$18,569,000 $76,912,00084,7500Subtotal 142,170 12,360 $00

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: SJAFCA Calaveras River

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $53,131,000 $0 $19,304,00041,710 17,200 0 14,740 $00

L $3,909,000 $0 $01,000 1,000 0 0 $00

$0$57,041,000 $19,304,00014,7400Subtotal 42,710 18,200 $00

 Page 5 of 6
Table 9-A and 9-B

2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.

Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: Sutter

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $722,784,000 $0 $31,729,000221,220 209,820 0 48,810 $00

L $29,226,000 $0 $015,590 5,480 0 0 $609,000350

$0$752,010,000 $31,729,00048,8100Subtotal 236,800 215,300 $609,000350

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: West Sacramento

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $400,479,000 $2,419,000 $7,033,00089,300 72,900 1,700 8,820 $00

$2,419,000$400,479,000 $7,033,0008,8201,700Subtotal 89,300 72,900 $00

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

ULE Study Area: Woodland

1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $85,887,000 $21,280,000 $33,958,00070,200 55,800 10,000 55,950 $00

L $5,879,000 $0 $1,901,0005,200 5,200 0 5,200 $00

MG $27,895,000 $0 $07,400 7,400 0 0 $00

$21,280,000$119,660,000 $35,859,00061,15010,000Subtotal 82,800 68,400 $00

 Page 6 of 6
Table 9-A and 9-B

2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.

Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-AC  Total Reach Length (Feet): 474

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $276,360

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $276,360

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $276,360

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $276,360American River-AC

American River-B  Total Reach Length (Feet): 518

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $794,267

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $794,267

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $794,267

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $794,267American River-B

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BA  Total Reach Length (Feet): 6,049

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $11,518,184

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $177,807

Pier Wall Cost: $11,340,377

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $11,518,184

a

Remediated Length (%): 100

Length (%): 0

Length (%): 3.301

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 100

Length (%): 0

Total Remediation Cost Estimated for Reach $11,518,184American River-BA

American River-BD  Total Reach Length (Feet): 199

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $245,433

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $245,433

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $245,433

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $245,433American River-BD

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BF  Total Reach Length (Feet): 259

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $381,306

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $381,306

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $381,306

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $381,306American River-BF

American River-BH  Total Reach Length (Feet): 7,098

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,135,361

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,135,361

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,135,361

a

Remediated Length (%): 0

Length (%): 0

Length (%): 17.963

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,135,361American River-BH

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BI  Total Reach Length (Feet): 438

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $390,026

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $390,026

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $390,026

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $390,026American River-BI

American River-BJ  Total Reach Length (Feet): 1,692

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,073,008

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,073,008

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,073,008

a

Remediated Length (%): 0

Length (%): 0

Length (%): 71.217

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,073,008American River-BJ

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BK  Total Reach Length (Feet): 97

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $133,106

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $133,106

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $133,106

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $133,106American River-BK

American River-BL  Total Reach Length (Feet): 627

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $876,636

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $876,636

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $876,636

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $876,636American River-BL

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 5 of 147

ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BM  Total Reach Length (Feet): 651

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $882,467

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $882,467

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $882,467

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $882,467American River-BM

American River-BN  Total Reach Length (Feet): 2,821

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,512,015

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,512,015

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,512,015

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,512,015American River-BN

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BO  Total Reach Length (Feet): 141

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $187,217

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $187,217

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $187,217

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $187,217American River-BO

American River-BP  Total Reach Length (Feet): 2,273

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,947,275

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,947,275

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,947,275

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,947,275American River-BP

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BQ  Total Reach Length (Feet): 92

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $81,923

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $81,923

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $81,923

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $81,923American River-BQ

American River-BR  Total Reach Length (Feet): 2,921

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $7,544,113

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,544,113

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $7,544,113

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,544,113American River-BR

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BS  Total Reach Length (Feet): 156

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $90,133

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $90,133

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $90,133

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $90,133American River-BS

American River-BT  Total Reach Length (Feet): 7,902

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $7,014,647

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,014,647

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $7,014,647

a

Remediated Length (%): 0

Length (%): 0

Length (%): 34.371

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,014,647American River-BT

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BU  Total Reach Length (Feet): 171

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $234,650

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $234,650

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $234,650

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $234,650American River-BU

American River-C  Total Reach Length (Feet): 8,406

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,042,288

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,042,288

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,042,288

a

Remediated Length (%): 0

Length (%): 0

Length (%): 2.625

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,042,288American River-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-G  Total Reach Length (Feet): 7,619

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $189,774

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $189,774

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $189,774

a

Remediated Length (%): 0

Length (%): 0

Length (%): 2.625

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $189,774American River-G

American River-L  Total Reach Length (Feet): 243

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $380,700

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $380,700

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $380,700

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $380,700American River-L

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-N  Total Reach Length (Feet): 29

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $43,178

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $43,178

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $43,178

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $43,178American River-N

American River-R  Total Reach Length (Feet): 153

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $222,700

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $222,700

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $222,700

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $222,700American River-R

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-V  Total Reach Length (Feet): 364

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $448,933

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $448,933

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $448,933

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $448,933American River-V

American River-W  Total Reach Length (Feet): 218

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $268,867

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $268,867

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $268,867

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $268,867American River-W

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-X  Total Reach Length (Feet): 1,998

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $241,551

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $241,551

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $241,551

a

Remediated Length (%): 0

Length (%): 0

Length (%): 5.005

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $241,551American River-X

American River-Y  Total Reach Length (Feet): 189

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $223,650

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $223,650

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $223,650

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $223,650American River-Y

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-Z  Total Reach Length (Feet): 5,046

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $483,159

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $483,159

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $483,159

a

Remediated Length (%): 0

Length (%): 0

Length (%): 3.964

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $483,159American River-Z

Davis-C  Total Reach Length (Feet): 4,800

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $636,581

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $636,581

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $636,581

a

Remediated Length (%): 0

Length (%): 0

Length (%): 29.833

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $636,581Davis-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Davis-D  Total Reach Length (Feet): 6,850

Estimate Run: a

Combo Berm Cost: $1,050,213

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,050,213 Total Remediation Cost for Estimate $1,294,948

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $244,735

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $2,056,875

Category

Subtotal Other Required Remediation Costs: $244,735

a

Remediated Length (%): 9.635

Length (%): 0

Length (%): 9.635

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $2,998,286

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,998,286 Total Remediation Cost for Estimate $3,859,608

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $861,323

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $5,548,201

Category

Subtotal Other Required Remediation Costs: $861,323

b

Remediated Length (%): 25.547

Length (%): 0

Length (%): 25.547

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $5,704,983

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,704,983 Total Remediation Cost for Estimate $7,788,485

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,083,502

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $9,741,617

Category

Subtotal Other Required Remediation Costs: $2,083,502

c

Remediated Length (%): 43.796

Length (%): 0

Length (%): 43.796

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: d

Combo Berm Cost: $2,934,966

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,934,966 Total Remediation Cost for Estimate $3,605,336

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $670,370

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $4,655,276

Category

Subtotal Other Required Remediation Costs: $670,370

d

Remediated Length (%): 20.438

Length (%): 0

Length (%): 20.438

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $16,548,378Davis-D

Davis-E  Total Reach Length (Feet): 6,850

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,514,992

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,514,992

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,514,992

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60.584

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,510,514

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,510,514

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,510,514

b

Remediated Length (%): 0

Length (%): 0

Length (%): 39.416

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $4,025,506Davis-E

Davis-F  Total Reach Length (Feet): 9,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,923,581

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,923,581 Total Remediation Cost for Estimate $10,411,075

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,487,493

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,487,493

a

Remediated Length (%): 62.105

Length (%): 0

Length (%): 62.105

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,193,216

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,193,216 Total Remediation Cost for Estimate $3,818,952

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,625,736

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,625,736

b

Remediated Length (%): 21.579

Length (%): 0

Length (%): 21.579

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,484,559

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,484,559 Total Remediation Cost for Estimate $2,283,029

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $798,470

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $798,470

c

Remediated Length (%): 16.316

Length (%): 0

Length (%): 16.316

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $16,513,056Davis-F

Davis-G  Total Reach Length (Feet): 5,650

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,872,375

Drained Stability Berm Cost: $0

Seepage Berm Cost: $4,751,170

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,751,170 Total Remediation Cost for Estimate $6,066,368

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,315,198

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,315,198

a

Remediated Length (%): 28.319

Length (%): 0

Length (%): 28.319

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $9,909,567

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,749,826

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,749,826 Total Remediation Cost for Estimate $9,624,977

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,875,151

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,875,151

b

Remediated Length (%): 47.788

Length (%): 0

Length (%): 47.788

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $5,050,766

Drained Stability Berm Cost: $0

Seepage Berm Cost: $4,506,614

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,506,614 Total Remediation Cost for Estimate $5,637,806

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,131,192

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,131,192

c

Remediated Length (%): 23.894

Length (%): 0

Length (%): 23.894

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $21,329,151Davis-G

Davis-G1  Total Reach Length (Feet): 300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $1,128,048

Drained Stability Berm Cost: $483,022

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $483,022 Total Remediation Cost for Estimate $755,226

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $272,204

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $272,204

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $755,226Davis-G1

Davis-G2  Total Reach Length (Feet): 850

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,196,137

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,196,137 Total Remediation Cost for Estimate $3,437,845

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $241,708

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $241,708

a

Remediated Length (%): 100

Length (%): 0

Length (%): 29.41

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $544,422

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $544,422

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $544,422

b

Remediated Length (%): 0

Length (%): 0

Length (%): 70.59

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,982,266Davis-G2

Davis-G3  Total Reach Length (Feet): 900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $470,024

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $470,024 Total Remediation Cost for Estimate $560,541

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $90,517

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $90,517

a

Remediated Length (%): 13.889

Length (%): 0

Length (%): 13.889

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $2,914,121

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,914,121 Total Remediation Cost for Estimate $3,663,459

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $749,339

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $749,339

b

Remediated Length (%): 86.111

Length (%): 0

Length (%): 86.111

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $4,224,000Davis-G3

Davis-H  Total Reach Length (Feet): 11,850

Estimate Run: a

Combo Berm Cost: $39,925,317

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $39,925,317 Total Remediation Cost for Estimate $50,326,219

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $10,400,902

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $59,999,737

Category

Subtotal Other Required Remediation Costs: $10,400,902

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $50,326,219Davis-H

Davis-I  Total Reach Length (Feet): 4,450

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $618,178

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $618,178 Total Remediation Cost for Estimate $970,740

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $352,562

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $352,562

a

Remediated Length (%): 10.112

Length (%): 0

Length (%): 10.112

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,304,498

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,304,498 Total Remediation Cost for Estimate $10,102,356

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,797,858

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,797,858

b

Remediated Length (%): 89.888

Length (%): 0

Length (%): 89.888

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,073,096Davis-I

Davis-J  Total Reach Length (Feet): 14,500

Estimate Run: a

Combo Berm Cost: $7,769,930

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,769,930 Total Remediation Cost for Estimate $9,630,502

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,860,572

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $12,139,456

Category

Subtotal Other Required Remediation Costs: $1,860,572

a

Remediated Length (%): 20.517

Length (%): 0

Length (%): 20.517

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $5,978,902

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,978,902 Total Remediation Cost for Estimate $7,147,838

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,168,936

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $9,633,640

Category

Subtotal Other Required Remediation Costs: $1,168,936

b

Remediated Length (%): 16.379

Length (%): 0

Length (%): 16.379

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: c

Combo Berm Cost: $18,679,453

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,679,453 Total Remediation Cost for Estimate $22,294,649

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,615,196

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $22,173,380

Category

Subtotal Other Required Remediation Costs: $3,615,196

c

Remediated Length (%): 34.828

Length (%): 0

Length (%): 34.828

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: d

Combo Berm Cost: $9,979,643

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,979,643 Total Remediation Cost for Estimate $12,656,607

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,676,964

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $12,906,649

Category

Subtotal Other Required Remediation Costs: $2,676,964

d

Remediated Length (%): 21.034

Length (%): 0

Length (%): 21.034

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $51,729,596Davis-J

Davis-K  Total Reach Length (Feet): 5,000

Estimate Run: a

Combo Berm Cost: $1,965,447

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,965,447 Total Remediation Cost for Estimate $2,347,028

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $381,581

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $3,801,925

Category

Subtotal Other Required Remediation Costs: $381,581

a

Remediated Length (%): 20

Length (%): 0

Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: b

Combo Berm Cost: $10,053,349

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,053,349 Total Remediation Cost for Estimate $11,488,875

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,435,527

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $16,528,773

Category

Subtotal Other Required Remediation Costs: $1,435,527

b

Remediated Length (%): 80

Length (%): 0

Length (%): 80

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $13,835,903Davis-K

Marysville-A  Total Reach Length (Feet): 4,229

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $8,521,620

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,521,620 Total Remediation Cost for Estimate $8,521,620

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $8,521,620Marysville-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Marysville-B  Total Reach Length (Feet): 4,017

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $25,861,077

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $25,861,077 Total Remediation Cost for Estimate $25,861,077

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 68.982

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $11,388,318

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,388,318 Total Remediation Cost for Estimate $11,388,318

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 31.018

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $37,249,395Marysville-B

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Marysville-C1  Total Reach Length (Feet): 1,427

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,571,218

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,571,218 Total Remediation Cost for Estimate $6,048,093

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $476,876

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $476,876

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,048,093Marysville-C1

Marysville-C2  Total Reach Length (Feet): 2,318

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $7,514,126

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,514,126 Total Remediation Cost for Estimate $7,514,126

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,514,126Marysville-C2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Marysville-C3  Total Reach Length (Feet): 3,179

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $10,832,358

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,832,358 Total Remediation Cost for Estimate $11,894,719

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,062,361

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,062,361

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,894,719Marysville-C3

Marysville-D  Total Reach Length (Feet): 5,492

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $4,899,341

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,899,341 Total Remediation Cost for Estimate $4,899,341

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 29.68

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $13,159,575

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,159,575 Total Remediation Cost for Estimate $13,159,575

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 70.32

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $18,058,916Marysville-D

Marysville-E  Total Reach Length (Feet): 3,270

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,114,964

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,114,964 Total Remediation Cost for Estimate $11,114,964

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 83.731

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $4,126,237

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,126,237 Total Remediation Cost for Estimate $4,126,237

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 16.269

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Total Remediation Cost Estimated for Reach $15,241,202Marysville-E

Marysville-F  Total Reach Length (Feet): 2,974

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $19,196,311

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $19,196,311 Total Remediation Cost for Estimate $19,196,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 57.767

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $5,452,827

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,452,827 Total Remediation Cost for Estimate $5,452,827

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 18.494

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $6,973,515

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,973,515 Total Remediation Cost for Estimate $6,973,515

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 23.739

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Total Remediation Cost Estimated for Reach $31,622,653Marysville-F

Marysville-G  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,558,634

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,558,634 Total Remediation Cost for Estimate $5,558,634

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,558,634Marysville-G

Marysville-H  Total Reach Length (Feet): 7,254

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,827,814

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,827,814 Total Remediation Cost for Estimate $5,827,814

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 33

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $10,323,253

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,323,253 Total Remediation Cost for Estimate $10,323,253

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 67

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $16,151,067Marysville-H

Marysville-I  Total Reach Length (Feet): 2,557

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $31,730,014

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $31,730,014 Total Remediation Cost for Estimate $31,730,014

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $31,730,014Marysville-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-NCC Gap 1  Total Reach Length (Feet): 300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $446,667

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $446,667

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $446,667

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $446,667Natomas NWS-NCC Gap 1

Natomas NWS-NCC Gap 2  Total Reach Length (Feet): 700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,088,889

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,088,889

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $1,088,889

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $1,088,889Natomas NWS-NCC Gap 2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-NCC Gap 3  Total Reach Length (Feet): 300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $451,667

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $451,667

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $451,667

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $451,667Natomas NWS-NCC Gap 3

Natomas NWS-SAFCA Reach 1 American River  Total Reach Length (Feet): 1,358

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $4,803,552

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,803,552 Total Remediation Cost for Estimate $4,803,552

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,803,552Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 13  Total Reach Length (Feet): 3,300

Estimate Run: a

Combo Berm Cost: $7,683,387

Slurry Wall Cost: $12,753,105

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,683,387 Total Remediation Cost for Estimate $7,683,387

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,683,387Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 14  Total Reach Length (Feet): 3,200

Estimate Run: a

Combo Berm Cost: $7,523,974

Slurry Wall Cost: $12,366,647

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,523,974 Total Remediation Cost for Estimate $7,523,974

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,523,974Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 15  Total Reach Length (Feet): 4,800

Estimate Run: a

Combo Berm Cost: $10,878,502

Slurry Wall Cost: $18,549,971

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,878,502 Total Remediation Cost for Estimate $10,878,502

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $10,878,502Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 16  Total Reach Length (Feet): 5,200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $18,348,340

Drained Stability Berm Cost: $5,076,248

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,076,248 Total Remediation Cost for Estimate $5,076,248

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,076,248Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 17  Total Reach Length (Feet): 1,000

Estimate Run: a

Combo Berm Cost: $2,390,746

Slurry Wall Cost: $3,985,869

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,390,746 Total Remediation Cost for Estimate $2,390,746

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,390,746Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 18a  Total Reach Length (Feet): 600

Estimate Run: a

Combo Berm Cost: $1,434,448

Slurry Wall Cost: $2,391,521

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,434,448 Total Remediation Cost for Estimate $1,434,448

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,434,448Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 18b  Total Reach Length (Feet): 900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $4,680,114

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,680,114 Total Remediation Cost for Estimate $4,680,114

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,680,114Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 19a  Total Reach Length (Feet): 1,800

Estimate Run: a

Combo Berm Cost: $4,303,344

Slurry Wall Cost: $7,174,564

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,303,344 Total Remediation Cost for Estimate $4,303,344

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,303,344Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 19b  Total Reach Length (Feet): 5,000

Estimate Run: a

Combo Berm Cost: $32,367,343

Slurry Wall Cost: $23,448,933

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $23,448,933 Total Remediation Cost for Estimate $23,448,933

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $23,448,933Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 2 American River  Total Reach Length (Feet): 5,199

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $18,393,573

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,393,573 Total Remediation Cost for Estimate $18,393,573

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $18,393,573Natomas NWS-SAFCA Reach 2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 20a  Total Reach Length (Feet): 50

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $269,685

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $269,685 Total Remediation Cost for Estimate $269,685

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $269,685Natomas NWS-SAFCA Reach 2

Natomas NWS-SAFCA Reach 3 American River  Total Reach Length (Feet): 499

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,413,142

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,413,142 Total Remediation Cost for Estimate $2,413,142

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,413,142Natomas NWS-SAFCA Reach 3

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 4 American River  Total Reach Length (Feet): 5,834

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $27,727,346

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,727,346 Total Remediation Cost for Estimate $27,727,346

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $27,727,346Natomas NWS-SAFCA Reach 4

NEMDC East-A  Total Reach Length (Feet): 7,167

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $22,040,034

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $22,040,034 Total Remediation Cost for Estimate $22,040,034

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 55.075

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $14,370,762

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,370,762 Total Remediation Cost for Estimate $14,370,762

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 43.447

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $36,410,796NEMDC East-A

NEMDC East-A1  Total Reach Length (Feet): 3,128

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,593,004

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,593,004 Total Remediation Cost for Estimate $13,593,004

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $13,593,004NEMDC East-A1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-A3  Total Reach Length (Feet): 4,470

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,270,490

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,270,490 Total Remediation Cost for Estimate $6,270,490

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,270,490NEMDC East-A3

NEMDC East-A4  Total Reach Length (Feet): 8,557

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,156,508

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,156,508 Total Remediation Cost for Estimate $3,156,508

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 24.541

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,156,508NEMDC East-A4

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-B  Total Reach Length (Feet): 6,011

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $24,406,181

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $24,406,181 Total Remediation Cost for Estimate $24,406,181

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $24,406,181NEMDC East-B

NEMDC East-B1  Total Reach Length (Feet): 7,906

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $12,002,983

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,002,983 Total Remediation Cost for Estimate $12,002,983

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $12,002,983NEMDC East-B1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-B2  Total Reach Length (Feet): 6,386

Estimate Run: a

Combo Berm Cost: $3,869,215

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,869,215 Total Remediation Cost for Estimate $3,869,215

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 19.464

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $6,181,324

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,181,324 Total Remediation Cost for Estimate $6,181,324

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30.536

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $10,050,538NEMDC East-B2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-B3  Total Reach Length (Feet): 3,380

Estimate Run: a

Combo Berm Cost: $2,703,053

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,703,053 Total Remediation Cost for Estimate $2,703,053

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 59.172

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,336,909

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,336,909 Total Remediation Cost for Estimate $2,336,909

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,039,962NEMDC East-B3

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-C  Total Reach Length (Feet): 7,397

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $25,009,473

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $25,009,473 Total Remediation Cost for Estimate $25,009,473

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 69.944

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $7,054,318

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,054,318 Total Remediation Cost for Estimate $7,054,318

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30.057

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $32,063,791NEMDC East-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

NEMDC West-A  Total Reach Length (Feet): 7,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $14,036,391

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,036,391 Total Remediation Cost for Estimate $14,036,391

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 44.7

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $16,615,593

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $16,615,593 Total Remediation Cost for Estimate $16,615,593

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 55.3

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $30,651,985NEMDC West-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

NEMDC West-B  Total Reach Length (Feet): 5,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $15,121,645

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,121,645 Total Remediation Cost for Estimate $15,121,645

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $15,121,645NEMDC West-B

NEMDC West-C  Total Reach Length (Feet): 2,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,971,028

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,971,028 Total Remediation Cost for Estimate $6,971,028

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,971,028NEMDC West-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

NEMDC West-D  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $8,343,075

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,343,075 Total Remediation Cost for Estimate $8,343,075

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $8,343,075NEMDC West-D

NEMDC West-E  Total Reach Length (Feet): 4,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $14,171,390

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,171,390 Total Remediation Cost for Estimate $14,171,390

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 93.617

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $959,720

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $959,720 Total Remediation Cost for Estimate $959,720

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 6.383

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $15,131,111NEMDC West-E

NEMDC West-F  Total Reach Length (Feet): 10,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $463,567

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $463,567 Total Remediation Cost for Estimate $656,610

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $193,043

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $193,043

a

Remediated Length (%): 5.282

Length (%): 0

Length (%): 5.282

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,749,819

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,749,819 Total Remediation Cost for Estimate $3,603,529

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $853,710

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $853,710

b

Remediated Length (%): 23.359

Length (%): 0

Length (%): 23.359

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,930,419

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,930,419 Total Remediation Cost for Estimate $2,714,580

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $784,161

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $784,161

c

Remediated Length (%): 21.456

Length (%): 0

Length (%): 21.456

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,249,284

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,249,284 Total Remediation Cost for Estimate $1,883,381

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $634,097

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $634,097

d

Remediated Length (%): 17.35

Length (%): 0

Length (%): 17.35

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $751,161

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $751,161 Total Remediation Cost for Estimate $1,102,318

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $351,157

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $351,157

e

Remediated Length (%): 11.728

Length (%): 0

Length (%): 11.728

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,192,579

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,192,579 Total Remediation Cost for Estimate $1,598,876

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $406,297

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $406,297

f

Remediated Length (%): 11.117

Length (%): 0

Length (%): 11.117

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,559,294NEMDC West-F

NEMDC West-G  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $4,927,374

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,927,374 Total Remediation Cost for Estimate $5,459,618

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $532,243

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

a

Remediated Length (%): 60

Length (%): 0

Length (%): 60

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $2,057,616

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,057,616 Total Remediation Cost for Estimate $2,348,313

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $290,697

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $290,697

b

Remediated Length (%): 40

Length (%): 0

Length (%): 40

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Total Remediation Cost Estimated for Reach $7,807,930NEMDC West-G

NEMDC West-H  Total Reach Length (Feet): 7,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $932,745

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $932,745 Total Remediation Cost for Estimate $1,368,791

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $436,046

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $436,046

a

Remediated Length (%): 20

Length (%): 0

Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,048,614

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,048,614 Total Remediation Cost for Estimate $1,580,857

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $532,243

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

b

Remediated Length (%): 20

Length (%): 0

Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,426,369

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,426,369 Total Remediation Cost for Estimate $1,958,612

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $532,243

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

c

Remediated Length (%): 20

Length (%): 0

Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,114,825

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,114,825 Total Remediation Cost for Estimate $1,647,068

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $532,243

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

d

Remediated Length (%): 20

Length (%): 0

Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,555,329NEMDC West-H

NEMDC West-I  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $2,086,425

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,086,425 Total Remediation Cost for Estimate $2,441,250

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $354,825

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $354,825

a

Remediated Length (%): 33.333

Length (%): 0

Length (%): 33.333

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $3,540,302

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,540,302 Total Remediation Cost for Estimate $4,249,964

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $709,662

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $709,662

b

Remediated Length (%): 66.667

Length (%): 0

Length (%): 66.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Total Remediation Cost Estimated for Reach $6,691,214NEMDC West-I

NEMDC West-N  Total Reach Length (Feet): 3,375

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,985,388

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,985,388 Total Remediation Cost for Estimate $4,511,475

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,526,087

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,526,087

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,511,475NEMDC West-N

NEMDC West-O  Total Reach Length (Feet): 15,500

Estimate Run: a

Combo Berm Cost: $13,300,998

Slurry Wall Cost: $25,862,712

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,300,998 Total Remediation Cost for Estimate $17,654,272

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $4,353,274

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,353,274

a

Remediated Length (%): 48.387

Length (%): 0

Length (%): 48.387

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: b

Combo Berm Cost: $3,623,306

Slurry Wall Cost: $4,871,183

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,623,306 Total Remediation Cost for Estimate $4,493,925

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $870,619

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $870,619

b

Remediated Length (%): 9.677

Length (%): 0

Length (%): 9.677

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $2,846,669

Slurry Wall Cost: $5,276,487

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,846,669 Total Remediation Cost for Estimate $3,717,288

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $870,619

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $870,619

c

Remediated Length (%): 9.677

Length (%): 0

Length (%): 9.677

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: d

Combo Berm Cost: $3,295,804

Slurry Wall Cost: $6,764,351

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,295,804 Total Remediation Cost for Estimate $4,456,659

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,160,855

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,160,855

d

Remediated Length (%): 12.903

Length (%): 0

Length (%): 12.903

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: e

Combo Berm Cost: $6,106,801

Slurry Wall Cost: $10,778,709

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,106,801 Total Remediation Cost for Estimate $7,848,128

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,741,328

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,741,328

e

Remediated Length (%): 19.355

Length (%): 0

Length (%): 19.355

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $38,170,272NEMDC West-O

RD 17-A  Total Reach Length (Feet): 102,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,641,504

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,641,504 Total Remediation Cost for Estimate $3,641,504

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,641,504RD 17-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-D  Total Reach Length (Feet): 5,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $10,405,933

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,405,933 Total Remediation Cost for Estimate $10,405,933

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 69.492

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $10,405,933RD 17-D

RD 17-E  Total Reach Length (Feet): 5,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $1,662,926

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,662,926 Total Remediation Cost for Estimate $1,662,926

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 10.714

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,068,417

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,068,417 Total Remediation Cost for Estimate $8,068,417

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 89.286

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $9,731,343RD 17-E

RD 17-F  Total Reach Length (Feet): 6,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,843,437

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,843,437 Total Remediation Cost for Estimate $9,843,437

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $9,843,437RD 17-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-G  Total Reach Length (Feet): 3,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $5,809,242

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,809,242 Total Remediation Cost for Estimate $5,809,242

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,809,242RD 17-G

RD 17-H  Total Reach Length (Feet): 2,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,211,098

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,211,098 Total Remediation Cost for Estimate $3,211,098

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 44.828

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,987,695

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,987,695 Total Remediation Cost for Estimate $2,987,695

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 55.172

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,198,793RD 17-H

RD 17-I  Total Reach Length (Feet): 17,800

Estimate Run: a

Combo Berm Cost: $27,684,315

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,684,315 Total Remediation Cost for Estimate $27,684,315

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 89.326

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $27,684,315RD 17-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-J  Total Reach Length (Feet): 8,100

Estimate Run: a

Combo Berm Cost: $37,885,311

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $37,885,311 Total Remediation Cost for Estimate $37,885,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $37,885,311RD 17-J

RD 17-K  Total Reach Length (Feet): 14,800

Estimate Run: a

Combo Berm Cost: $56,598,932

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $56,598,932 Total Remediation Cost for Estimate $56,598,932

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $56,598,932RD 17-K

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-L  Total Reach Length (Feet): 4,200

Estimate Run: a

Combo Berm Cost: $19,273,753

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $19,273,753 Total Remediation Cost for Estimate $21,172,883

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,899,130

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,899,130

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $21,172,883RD 17-L

RD 17-M  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $6,666,758

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,666,758

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $6,666,758

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,666,758RD 17-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-N  Total Reach Length (Feet): 1,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,095,546

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,095,546 Total Remediation Cost for Estimate $9,728,590

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $633,043

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $633,043

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $9,728,590RD 17-N

RD 404-B  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $1,777,235

Slurry Wall Cost: $2,231,627

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,777,235 Total Remediation Cost for Estimate $2,140,431

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $363,197

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $363,197

a

Remediated Length (%): 33.333

Length (%): 0

Length (%): 33.333

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 404

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,861,498

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,861,498 Total Remediation Cost for Estimate $5,747,173

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $885,675

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $885,675

b

Remediated Length (%): 66.667

Length (%): 0

Length (%): 66.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,887,604RD 404-B

RD 404-C  Total Reach Length (Feet): 1,800

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,006,228

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,006,228 Total Remediation Cost for Estimate $3,649,749

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $643,521

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $643,521

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,649,749RD 404-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 404

RD 404-D1  Total Reach Length (Feet): 1,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,051,535

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,051,535 Total Remediation Cost for Estimate $6,533,670

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,482,135

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,482,135

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,533,670RD 404-D1

RD 404-D2  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $5,391,939

Slurry Wall Cost: $7,307,543

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,391,939 Total Remediation Cost for Estimate $6,720,445

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,328,506

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,328,506

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,720,445RD 404-D2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 404

RD 404-E  Total Reach Length (Feet): 5,700

Estimate Run: a

Combo Berm Cost: $12,586,048

Slurry Wall Cost: $10,060,863

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,060,863 Total Remediation Cost for Estimate $12,585,024

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,524,161

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,524,161

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $12,585,024RD 404-E

RD 784-Dantoni Rd. to Griffith Rd.  Total Reach Length (Feet): 2,767

Estimate Run: a

Combo Berm Cost: $6,388,182

Slurry Wall Cost: $7,950,491

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,388,182 Total Remediation Cost for Estimate $6,388,182

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,388,182RD 784-Dantoni Rd. to Griffith 

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 784

RD 784-Linda Break Sub-Reach  Total Reach Length (Feet): 275

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $667,040

Minimum Alternative  Remediation  Cost: $667,040 Total Remediation Cost for Estimate $667,040

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $667,040RD 784-Linda Break Sub-Reac

RD 784-Patrol Rd. (Griffith Rd.) to LM 3.91  Total Reach Length (Feet): 11,107

Estimate Run: a

Combo Berm Cost: $27,255,625

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $94,862,912

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,255,625 Total Remediation Cost for Estimate $33,824,240

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,568,616

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $6,568,616

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $33,824,240RD 784-Patrol Rd. (Griffith Rd.)

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 784

RD 784-Simpson Lane to Dantoni Rd.  Total Reach Length (Feet): 6,240

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $20,217,333

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $20,217,333 Total Remediation Cost for Estimate $20,217,333

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $20,217,333RD 784-Simpson Lane to Dant

RD 784-TRLIA-WPIC-H1  Total Reach Length (Feet): 1,700

Estimate Run: a

Combo Berm Cost: $1,856,903

Slurry Wall Cost: $3,664,017

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,856,903 Total Remediation Cost for Estimate $2,729,972

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $873,069

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $873,069

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,729,972RD 784-TRLIA-WPIC-H1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-A  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,020,770

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,020,770

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,020,770

a

Remediated Length (%): 0

Length (%): 0

Length (%): 37.5

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,020,770Sacramento River-A

Sacramento River-B  Total Reach Length (Feet): 6,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,551,015

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,551,015

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,551,015

a

Remediated Length (%): 0

Length (%): 0

Length (%): 61.538

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,704,461

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,704,461

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,704,461

b

Remediated Length (%): 0

Length (%): 0

Length (%): 24.615

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,255,476Sacramento River-B

Sacramento River-C  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,756,991

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $2,756,991

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,756,991

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 50

Length (%): 0

Total Remediation Cost Estimated for Reach $2,756,991Sacramento River-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 72 of 147

ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-F  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $5,513,982

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $5,513,982

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $5,513,982

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 100

Length (%): 0

Total Remediation Cost Estimated for Reach $5,513,982Sacramento River-F

Sacramento River-G  Total Reach Length (Feet): 4,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $34,281,614

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $34,281,614 Total Remediation Cost for Estimate $34,281,614

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 71.111

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $34,281,614Sacramento River-G

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-H  Total Reach Length (Feet): 6,800

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $65,038,278

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $65,038,278 Total Remediation Cost for Estimate $68,526,588

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,488,310

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,488,310

a

Remediated Length (%): 100

Length (%): 0

Length (%): 50

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $68,526,588Sacramento River-H

Sacramento River-I  Total Reach Length (Feet): 4,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $5,232,162

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,232,162

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $5,232,162

a

Remediated Length (%): 0

Length (%): 0

Length (%): 51.22

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,232,162Sacramento River-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-J  Total Reach Length (Feet): 2,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $20,810,027

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $20,810,027 Total Remediation Cost for Estimate $22,858,735

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,048,708

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,048,708

a

Remediated Length (%): 100

Length (%): 0

Length (%): 90.476

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $22,858,735Sacramento River-J

Sacramento River-K  Total Reach Length (Feet): 5,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $12,464,535

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $12,464,535

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $12,464,535

a

Remediated Length (%): 0

Length (%): 0

Length (%): 92.453

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $12,464,535Sacramento River-K

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-L  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $41,329,976

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $41,329,976 Total Remediation Cost for Estimate $45,309,909

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,979,933

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,979,933

a

Remediated Length (%): 100

Length (%): 0

Length (%): 95

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $45,309,909Sacramento River-L

Sacramento River-M  Total Reach Length (Feet): 7,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $64,587,158

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $64,587,158 Total Remediation Cost for Estimate $71,499,694

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,912,536

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $6,912,536

a

Remediated Length (%): 100

Length (%): 0

Length (%): 94.286

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $71,499,694Sacramento River-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-N  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $31,155,354

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $31,155,354 Total Remediation Cost for Estimate $32,545,229

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,389,874

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,389,874

a

Remediated Length (%): 100

Length (%): 0

Length (%): 46.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $32,545,229Sacramento River-N

Sacramento River-O  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $4,269,833

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $4,269,833

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,269,833

a

Remediated Length (%): 0

Length (%): 0

Length (%): 76.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,269,833Sacramento River-O

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-P  Total Reach Length (Feet): 8,200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $9,494,571

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,494,571

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $9,494,571

a

Remediated Length (%): 0

Length (%): 0

Length (%): 91.463

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $9,494,571Sacramento River-P

Sacramento River-Q  Total Reach Length (Feet): 1,800

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,669,499

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,669,499

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,669,499

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,669,499Sacramento River-Q

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-A  Total Reach Length (Feet): 4,162

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $743,859

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $743,859

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $743,859

a

Remediated Length (%): 0

Length (%): 0

Length (%): 7.206

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $743,859SJAFCA Bear Creek-A

SJAFCA Bear Creek-E  Total Reach Length (Feet): 4,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $118,833

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $118,833

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $118,833

a

Remediated Length (%): 0

Length (%): 0

Length (%): 4.651

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $118,833SJAFCA Bear Creek-E

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-F  Total Reach Length (Feet): 12,698

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $48,705

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $48,705

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $48,705

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0.787

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $44,432

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $44,432

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $44,432

b

Remediated Length (%): 0

Length (%): 0

Length (%): 0.787

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $800,168

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $800,168

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $800,168

c

Remediated Length (%): 0

Length (%): 0

Length (%): 14.173

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $893,305SJAFCA Bear Creek-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-H  Total Reach Length (Feet): 11,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $925,884

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $925,884

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $925,884

a

Remediated Length (%): 0

Length (%): 0

Length (%): 17.273

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $925,884SJAFCA Bear Creek-H

SJAFCA Bear Creek-I  Total Reach Length (Feet): 15,536

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,411,123

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,411,123

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,411,123

a

Remediated Length (%): 0

Length (%): 0

Length (%): 45.057

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $8,139,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $8,139,962

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $8,139,962

b

Remediated Length (%): 0

Length (%): 0

Length (%): 20.597

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $394,921

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $394,921

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $394,921

c

Remediated Length (%): 0

Length (%): 0

Length (%): 7.08

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,067,501

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,067,501

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,067,501

d

Remediated Length (%): 0

Length (%): 0

Length (%): 7.08

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,408,543

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,408,543

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,408,543

e

Remediated Length (%): 0

Length (%): 0

Length (%): 20.185

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $16,422,050SJAFCA Bear Creek-I

SJAFCA Bear Creek-J  Total Reach Length (Feet): 4,923

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,359,066

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,359,066 Total Remediation Cost for Estimate $11,359,066

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,359,066SJAFCA Bear Creek-J

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-M  Total Reach Length (Feet): 7,438

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $22,800,024

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,210,180

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,210,180 Total Remediation Cost for Estimate $7,210,180

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,210,180SJAFCA Bear Creek-M

SJAFCA Bear Creek-N  Total Reach Length (Feet): 14,402

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $103,347

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $103,347

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $103,347

a

Remediated Length (%): 0

Length (%): 0

Length (%): 1.389

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $44,426

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $44,426

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $44,426

b

Remediated Length (%): 0

Length (%): 0

Length (%): 0.694

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $985,706

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $985,706

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $985,706

c

Remediated Length (%): 0

Length (%): 0

Length (%): 12.5

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,133,480SJAFCA Bear Creek-N

SJAFCA Bear Creek-Q  Total Reach Length (Feet): 18,205

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $18,376,823

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $18,376,823

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $18,376,823

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Total Remediation Cost Estimated for Reach $18,376,823SJAFCA Bear Creek-Q

SJAFCA Bear Creek-R  Total Reach Length (Feet): 20,467

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,874,607

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,874,607

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,874,607

a

Remediated Length (%): 0

Length (%): 0

Length (%): 9.772

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $16,835,609

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $16,835,609

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $16,835,609

b

Remediated Length (%): 0

Length (%): 0

Length (%): 77.197

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,005,987

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,005,987

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,005,987

c

Remediated Length (%): 0

Length (%): 0

Length (%): 10.099

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Total Remediation Cost Estimated for Reach $20,716,204SJAFCA Bear Creek-R

SJAFCA Bear Creek-S  Total Reach Length (Feet): 16,468

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $4,639,596

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $4,639,596

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,639,596

a

Remediated Length (%): 0

Length (%): 0

Length (%): 39.47

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,255,038

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,255,038

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,255,038

b

Remediated Length (%): 0

Length (%): 0

Length (%): 27.326

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,589,275

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,589,275

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,589,275

c

Remediated Length (%): 0

Length (%): 0

Length (%): 14.987

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Total Remediation Cost Estimated for Reach $9,483,908SJAFCA Bear Creek-S

SJAFCA Bear Creek-T  Total Reach Length (Feet): 7,340

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $5,528,705

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,528,705

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $5,528,705

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,528,705SJAFCA Bear Creek-T

SJAFCA Bear Creek-U  Total Reach Length (Feet): 5,230

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $505,668

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $505,668

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $505,668

a

Remediated Length (%): 0

Length (%): 0

Length (%): 15.296

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $126,417

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $126,417

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $126,417

b

Remediated Length (%): 0

Length (%): 0

Length (%): 3.824

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,936,845

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,936,845

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,936,845

c

Remediated Length (%): 0

Length (%): 0

Length (%): 54.111

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,568,931SJAFCA Bear Creek-U

SJAFCA Calaveras River-AB  Total Reach Length (Feet): 2,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $246,175

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $246,175

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $246,175

a

Remediated Length (%): 0

Length (%): 0

Length (%): 13.043

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

Total Remediation Cost Estimated for Reach $246,175SJAFCA Calaveras River-AB

SJAFCA Calaveras River-AC  Total Reach Length (Feet): 800

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $1,410,490

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,410,490 Total Remediation Cost for Estimate $1,410,490

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,410,490SJAFCA Calaveras River-AC

SJAFCA Calaveras River-AE  Total Reach Length (Feet): 150

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $544,056

Minimum Alternative  Remediation  Cost: $544,056 Total Remediation Cost for Estimate $544,056

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $544,056SJAFCA Calaveras River-AE

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-D  Total Reach Length (Feet): 2,475

Estimate Run: a

Combo Berm Cost: $13,699,751

Slurry Wall Cost: $9,955,227

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,955,227 Total Remediation Cost for Estimate $12,219,513

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,264,286

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,264,286

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $12,219,513SJAFCA Calaveras River-D

SJAFCA Calaveras River-F  Total Reach Length (Feet): 2,550

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $140,376

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $140,376

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $140,376

a

Remediated Length (%): 0

Length (%): 0

Length (%): 7.843

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $140,376SJAFCA Calaveras River-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-G  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $159,855

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $159,855

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $159,855

a

Remediated Length (%): 0

Length (%): 0

Length (%): 6.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $159,855SJAFCA Calaveras River-G

SJAFCA Calaveras River-H  Total Reach Length (Feet): 10,650

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $8,695,898

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $8,695,898

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $8,695,898

a

Remediated Length (%): 0

Length (%): 0

Length (%): 33.803

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $8,695,898SJAFCA Calaveras River-H

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-H-3  Total Reach Length (Feet): 1,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,909,407

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,909,407 Total Remediation Cost for Estimate $3,909,407

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,909,407SJAFCA Calaveras River-H-3

SJAFCA Calaveras River-J  Total Reach Length (Feet): 2,563

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,312,196

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,312,196

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,312,196

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,312,196SJAFCA Calaveras River-J

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-L  Total Reach Length (Feet): 4,175

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $17,240,595

Minimum Alternative  Remediation  Cost: $17,240,595 Total Remediation Cost for Estimate $17,240,595

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $17,240,595SJAFCA Calaveras River-L

SJAFCA Calaveras River-N  Total Reach Length (Feet): 5,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $17,053,194

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,053,194 Total Remediation Cost for Estimate $21,816,319

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $4,763,125

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,763,125

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $21,816,319SJAFCA Calaveras River-N

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-P  Total Reach Length (Feet): 3,450

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $481,186

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $481,186

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $481,186

a

Remediated Length (%): 0

Length (%): 0

Length (%): 5.797

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $240,635

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $240,635

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $240,635

b

Remediated Length (%): 0

Length (%): 0

Length (%): 2.899

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $721,821SJAFCA Calaveras River-P

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-Q  Total Reach Length (Feet): 1,150

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,002,675

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,002,675 Total Remediation Cost for Estimate $2,002,675

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,002,675SJAFCA Calaveras River-Q

SJAFCA Calaveras River-R  Total Reach Length (Feet): 3,350

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $4,925,143

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,925,143 Total Remediation Cost for Estimate $4,925,143

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $4,925,143SJAFCA Calaveras River-R

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-A  Total Reach Length (Feet): 6,222

Estimate Run: a

Combo Berm Cost: $13,353,422

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $43,114,649

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,353,422 Total Remediation Cost for Estimate $17,845,865

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $4,492,443

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,492,443

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $17,845,865Sutter-A

Sutter-AA  Total Reach Length (Feet): 3,069

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $10,392,284

DSM Wall Cost: $11,481,736

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,392,284 Total Remediation Cost for Estimate $10,392,284

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 52.525

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,227,019

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,392,132

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,227,019 Total Remediation Cost for Estimate $4,227,019

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 47.47

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $14,619,303Sutter-AA

Sutter-B1  Total Reach Length (Feet): 4,102

Estimate Run: a

Combo Berm Cost: $8,894,090

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $28,223,260

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,894,090 Total Remediation Cost for Estimate $10,303,623

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,409,533

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,409,533

a

Remediated Length (%): 100

Length (%): 0

Length (%): 59.995

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $10,303,623Sutter-B1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-B2  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,459,747

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,459,747

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,459,747

a

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,459,747Sutter-B2

Sutter-BB  Total Reach Length (Feet): 5,023

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $7,522,786

Drained Stability Berm Cost: $0

Seepage Berm Cost: $16,716,527

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,522,786 Total Remediation Cost for Estimate $7,522,786

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 51.622

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $6,108,985

Drained Stability Berm Cost: $0

Seepage Berm Cost: $15,665,713

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,108,985 Total Remediation Cost for Estimate $6,108,985

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 48.377

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $13,631,771Sutter-BB

Sutter-C  Total Reach Length (Feet): 5,101

Estimate Run: a

Combo Berm Cost: $17,190,286

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $38,052,118

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,190,286 Total Remediation Cost for Estimate $21,004,002

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,813,716

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,813,716

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $21,004,002Sutter-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-CC  Total Reach Length (Feet): 8,356

Estimate Run: a

Combo Berm Cost: $6,690,345

Slurry Wall Cost: $2,544,830

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,544,830 Total Remediation Cost for Estimate $2,544,830

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 12.147

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $10,546,368

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $14,861,847

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,546,368 Total Remediation Cost for Estimate $10,546,368

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 19.148

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $41,937,079

Slurry Wall Cost: $12,376,216

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,376,216 Total Remediation Cost for Estimate $12,376,216

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 34.706

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $18,726,578

Slurry Wall Cost: $7,673,054

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,673,054 Total Remediation Cost for Estimate $7,673,054

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 34

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $33,140,467Sutter-CC

Sutter-D  Total Reach Length (Feet): 14,960

Estimate Run: a

Combo Berm Cost: $50,702,578

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $110,963,976

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $50,702,578 Total Remediation Cost for Estimate $63,857,150

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $13,154,573

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $13,154,573

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $63,857,150Sutter-D

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-DD  Total Reach Length (Feet): 10,578

Estimate Run: a

Combo Berm Cost: $12,976,119

Slurry Wall Cost: $12,063,155

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,063,155 Total Remediation Cost for Estimate $12,063,155

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 57.828

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $2,121,398

Slurry Wall Cost: $2,359,314

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,121,398 Total Remediation Cost for Estimate $2,121,398

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9.454

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $1,130,709

Slurry Wall Cost: $1,051,156

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,051,156 Total Remediation Cost for Estimate $1,051,156

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 5.039

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $2,993,248

Slurry Wall Cost: $1,077,883

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,077,883 Total Remediation Cost for Estimate $1,077,883

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 4.415

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: e

Combo Berm Cost: $6,409,550

Slurry Wall Cost: $1,920,938

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,920,938 Total Remediation Cost for Estimate $1,920,938

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

e

Remediated Length (%): 9.454

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: f

Combo Berm Cost: $9,364,154

Slurry Wall Cost: $2,240,785

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,240,785 Total Remediation Cost for Estimate $2,240,785

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

f

Remediated Length (%): 13.812

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $20,475,315Sutter-DD

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-EE  Total Reach Length (Feet): 3,022

Estimate Run: a

Combo Berm Cost: $3,454,620

Slurry Wall Cost: $988,194

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $988,194 Total Remediation Cost for Estimate $988,194

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 17.836

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $15,914,186

Slurry Wall Cost: $6,474,858

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,474,858 Total Remediation Cost for Estimate $6,474,858

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 82.164

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,463,051Sutter-EE

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-FF  Total Reach Length (Feet): 3,080

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,379,928

Drained Stability Berm Cost: $1,385,461

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,385,461 Total Remediation Cost for Estimate $1,385,461

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 49.253

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $2,877,327

Drained Stability Berm Cost: $1,427,486

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,427,486 Total Remediation Cost for Estimate $1,427,486

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50.747

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,812,947Sutter-FF

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-GG  Total Reach Length (Feet): 5,645

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $7,064,530

Drained Stability Berm Cost: $3,580,115

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,580,115 Total Remediation Cost for Estimate $3,580,115

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 69.442

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $983,593

Drained Stability Berm Cost: $0

Seepage Berm Cost: $885,397

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $885,397 Total Remediation Cost for Estimate $885,397

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9.159

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $2,064,222

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,068,634

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,064,222 Total Remediation Cost for Estimate $2,064,222

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 21.399

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,529,734Sutter-GG

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-HH  Total Reach Length (Feet): 7,274

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $1,353,382

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,356,275

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,353,382 Total Remediation Cost for Estimate $4,381,196

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,027,815

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,027,815

a

Remediated Length (%): 10.888

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $7,038,894

Drained Stability Berm Cost: $0

Seepage Berm Cost: $6,336,174

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,336,174 Total Remediation Cost for Estimate $6,336,174

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50.866

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $3,930,251

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,938,652

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,930,251 Total Remediation Cost for Estimate $3,930,251

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 31.619

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $1,196,812

Drained Stability Berm Cost: $0

Seepage Berm Cost: $825,374

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $825,374 Total Remediation Cost for Estimate $825,374

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 6.626

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $15,472,996Sutter-HH

Sutter-II  Total Reach Length (Feet): 2,843

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,851,346

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,656,058

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,656,058 Total Remediation Cost for Estimate $3,839,462

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,183,403

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,183,403

a

Remediated Length (%): 54.555

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $2,096,858

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,096,858 Total Remediation Cost for Estimate $2,096,858

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 45.445

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $5,936,320Sutter-II

Sutter-KK  Total Reach Length (Feet): 9,175

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,909,541

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $3,808,910

Minimum Alternative  Remediation  Cost: $3,808,910 Total Remediation Cost for Estimate $3,808,910

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 35.695

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $2,092,569

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,092,569 Total Remediation Cost for Estimate $2,092,569

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15.804

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,901,480Sutter-KK

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-LL  Total Reach Length (Feet): 2,578

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,799,183

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,799,183 Total Remediation Cost for Estimate $5,799,183

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,799,183Sutter-LL

Sutter-M  Total Reach Length (Feet): 133

Estimate Run: a

Combo Berm Cost: $525,403

Slurry Wall Cost: $606,774

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $525,403 Total Remediation Cost for Estimate $525,403

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $525,403Sutter-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-MM  Total Reach Length (Feet): 8,941

Estimate Run: a

Combo Berm Cost: $1,877,558

Slurry Wall Cost: $289,463

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $289,463 Total Remediation Cost for Estimate $289,463

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 3.434

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $876,175

Slurry Wall Cost: $1,006,314

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $876,175 Total Remediation Cost for Estimate $876,175

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 3.915

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $3,027,014

Slurry Wall Cost: $2,985,166

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,985,166 Total Remediation Cost for Estimate $2,985,166

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 13.421

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $35,461,285

Slurry Wall Cost: $18,596,244

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,596,244 Total Remediation Cost for Estimate $18,596,244

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 63.013

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: e

Combo Berm Cost: $3,657,632

Slurry Wall Cost: $4,785,922

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,657,632 Total Remediation Cost for Estimate $3,657,632

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

e

Remediated Length (%): 16.217

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $26,404,680Sutter-MM

Sutter-N  Total Reach Length (Feet): 8,101

Estimate Run: a

Combo Berm Cost: $32,273,913

Slurry Wall Cost: $37,247,112

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $32,273,913 Total Remediation Cost for Estimate $32,273,913

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $32,273,913Sutter-N

Sutter-NN  Total Reach Length (Feet): 5,920

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $9,932,619

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,932,619 Total Remediation Cost for Estimate $9,932,619

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 26.14

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $3,205,576

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,205,576 Total Remediation Cost for Estimate $3,205,576

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 29.825

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $8,265,280

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,265,280 Total Remediation Cost for Estimate $8,265,280

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 44.035

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 114 of 147

ATTACHMENT 6September 2, 2011
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $21,403,475Sutter-NN

Sutter-O  Total Reach Length (Feet): 4,799

Estimate Run: a

Combo Berm Cost: $32,212,273

Slurry Wall Cost: $21,064,381

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $21,064,381 Total Remediation Cost for Estimate $21,064,381

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $21,064,381Sutter-O

Sutter-OO  Total Reach Length (Feet): 10,052

Estimate Run: a

Combo Berm Cost: $6,408,867

Slurry Wall Cost: $8,475,370

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,408,867 Total Remediation Cost for Estimate $6,408,867

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 26.661

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $14,689,654

Slurry Wall Cost: $23,314,022

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,689,654 Total Remediation Cost for Estimate $14,689,654

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 73.339

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $21,098,521Sutter-OO

Sutter-P  Total Reach Length (Feet): 7,600

Estimate Run: a

Combo Berm Cost: $27,868,254

Slurry Wall Cost: $17,612,765

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,612,765 Total Remediation Cost for Estimate $17,612,765

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 55.263

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $11,337,593

Slurry Wall Cost: $14,258,044

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,337,593 Total Remediation Cost for Estimate $11,337,593

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 44.737

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $28,950,358Sutter-P

Sutter-PP  Total Reach Length (Feet): 11,977

Estimate Run: a

Combo Berm Cost: $4,928,098

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $17,752,924

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,928,098 Total Remediation Cost for Estimate $4,928,098

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 21.942

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $9,087,518

Slurry Wall Cost: $8,811,029

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,811,029 Total Remediation Cost for Estimate $8,811,029

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40.912

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $13,739,127Sutter-PP

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Q  Total Reach Length (Feet): 3,801

Estimate Run: a

Combo Berm Cost: $15,142,963

Slurry Wall Cost: $17,476,395

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,142,963 Total Remediation Cost for Estimate $15,142,963

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $15,142,963Sutter-Q

Sutter-QQ  Total Reach Length (Feet): 5,685

Estimate Run: a

Combo Berm Cost: $4,472,238

Slurry Wall Cost: $2,349,416

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,349,416 Total Remediation Cost for Estimate $2,349,416

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 11.451

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $6,878,124

Slurry Wall Cost: $11,984,719

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,878,124 Total Remediation Cost for Estimate $6,878,124

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 61.566

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $3,014,528

Slurry Wall Cost: $4,064,856

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,014,528 Total Remediation Cost for Estimate $3,014,528

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 26.983

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $12,242,068Sutter-QQ

Sutter-R  Total Reach Length (Feet): 5,199

Estimate Run: a

Combo Berm Cost: $15,235,281

Slurry Wall Cost: $17,034,719

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,235,281 Total Remediation Cost for Estimate $15,235,281

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 73.072

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $4,352,188

Slurry Wall Cost: $1,931,580

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,931,580 Total Remediation Cost for Estimate $1,931,580

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 12.175

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $5,273,743

Slurry Wall Cost: $2,637,534

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,637,534 Total Remediation Cost for Estimate $2,637,534

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 14.753

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $19,804,395Sutter-R

Sutter-R1  Total Reach Length (Feet): 200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $342,222

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $342,222

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $342,222

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $342,222Sutter-R1

Sutter-RR  Total Reach Length (Feet): 6,166

Estimate Run: a

Combo Berm Cost: $14,736,604

Slurry Wall Cost: $5,693,467

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,693,467 Total Remediation Cost for Estimate $5,693,467

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 31.885

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $6,107,970

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $22,106,051

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,107,970 Total Remediation Cost for Estimate $6,107,970

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50.276

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $6,957,952

DSM Wall Cost: $7,844,139

Replace Levee Cost: $2,832,831

Minimum Alternative  Remediation  Cost: $2,832,831 Total Remediation Cost for Estimate $2,832,831

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 17.84

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $14,634,268Sutter-RR

Sutter-S  Total Reach Length (Feet): 5,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $22,903,803

Drained Stability Berm Cost: $0

Seepage Berm Cost: $35,235,914

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $22,903,803 Total Remediation Cost for Estimate $22,903,803

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $22,903,803Sutter-S

Sutter-T2  Total Reach Length (Feet): 7,701

Estimate Run: a

Combo Berm Cost: $52,230,209

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $57,801,474

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $52,230,209 Total Remediation Cost for Estimate $55,418,095

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,187,886

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,187,886

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $55,418,095Sutter-T2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-U  Total Reach Length (Feet): 5,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $16,044,414

Drained Stability Berm Cost: $0

Seepage Berm Cost: $15,243,920

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,243,920 Total Remediation Cost for Estimate $15,243,920

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 88.26

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,028,032

DSM Wall Cost: $4,812,564

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,028,032 Total Remediation Cost for Estimate $2,028,032

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 11.742

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $17,271,952Sutter-U

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-U1  Total Reach Length (Feet): 150

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $266,667

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $266,667

a

Remediated Length (%): 0

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $266,667

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 100

Total Remediation Cost Estimated for Reach $266,667Sutter-U1

Sutter-V  Total Reach Length (Feet): 5,400

Estimate Run: a

Combo Berm Cost: $6,033,157

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $10,692,391

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,033,157 Total Remediation Cost for Estimate $6,033,157

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 24.537

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $18,554,841

Slurry Wall Cost: $14,556,615

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,556,615 Total Remediation Cost for Estimate $14,556,615

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 75.463

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $20,589,772Sutter-V

Sutter-W  Total Reach Length (Feet): 11,899

Estimate Run: a

Combo Berm Cost: $25,175,994

Slurry Wall Cost: $16,461,500

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $16,461,500 Total Remediation Cost for Estimate $16,461,500

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 31.095

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $26,537,011

Slurry Wall Cost: $13,425,646

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,425,646 Total Remediation Cost for Estimate $13,425,646

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 32.776

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: c

Combo Berm Cost: $35,839,824

Slurry Wall Cost: $18,491,951

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,491,951 Total Remediation Cost for Estimate $18,491,951

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 33.616

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $1,442,736

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,442,736 Total Remediation Cost for Estimate $1,442,736

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 2.513

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $49,821,833Sutter-W

Sutter-Y  Total Reach Length (Feet): 8,199

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $13,803,386

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,803,386 Total Remediation Cost for Estimate $13,803,386

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 14.636

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $77,743,918

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $77,743,918 Total Remediation Cost for Estimate $77,743,918

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 85.364

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $91,547,304Sutter-Y

Sutter-Z1  Total Reach Length (Feet): 2,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $10,608,882

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,608,882 Total Remediation Cost for Estimate $10,608,882

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $10,608,882Sutter-Z1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Z2  Total Reach Length (Feet): 1,681

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,004,563

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,004,563 Total Remediation Cost for Estimate $3,004,563

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 35.693

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,199,538

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,199,538 Total Remediation Cost for Estimate $4,199,538

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 64.307

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,204,100Sutter-Z2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Z3  Total Reach Length (Feet): 10,957

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $4,504,344

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,504,344 Total Remediation Cost for Estimate $4,504,344

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 4.563

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $6,908,405

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,908,405 Total Remediation Cost for Estimate $6,908,405

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 6.389

Length (%): 0

Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,412,749Sutter-Z3

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Z4  Total Reach Length (Feet): 5,314

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $23,423,979

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $23,423,979 Total Remediation Cost for Estimate $23,423,979

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $23,423,979Sutter-Z4

West Sacramento-A  Total Reach Length (Feet): 2,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $629,261

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $629,261

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $629,261

a

Remediated Length (%): 0

Length (%): 0

Length (%): 27.586

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $629,261West Sacramento-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-AA  Total Reach Length (Feet): 2,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,836,219

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,836,219 Total Remediation Cost for Estimate $5,836,219

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,836,219West Sacramento-AA

West Sacramento-AD  Total Reach Length (Feet): 5,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $9,307,340

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,307,340 Total Remediation Cost for Estimate $9,307,340

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $9,307,340West Sacramento-AD

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-AE  Total Reach Length (Feet): 2,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $12,367,945

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,367,945 Total Remediation Cost for Estimate $12,367,945

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $12,367,945West Sacramento-AE

West Sacramento-B  Total Reach Length (Feet): 3,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,370,459

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,370,459 Total Remediation Cost for Estimate $6,370,459

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 43.59

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,370,459West Sacramento-B

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-C  Total Reach Length (Feet): 1,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $13,062,509

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,062,509 Total Remediation Cost for Estimate $13,062,509

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $13,062,509West Sacramento-C

West Sacramento-D  Total Reach Length (Feet): 900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,404,576

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,404,576 Total Remediation Cost for Estimate $2,404,576

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,404,576West Sacramento-D

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-E  Total Reach Length (Feet): 1,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,465,933

Drained Stability Berm Cost: $1,904,759

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,904,759 Total Remediation Cost for Estimate $1,904,759

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $1,904,759West Sacramento-E

West Sacramento-F  Total Reach Length (Feet): 2,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,383,428

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,383,428 Total Remediation Cost for Estimate $6,383,428

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $6,383,428West Sacramento-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-G  Total Reach Length (Feet): 1,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,125,276

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,125,276 Total Remediation Cost for Estimate $5,539,061

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $413,785

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $413,785

a

Remediated Length (%): 100

Length (%): 0

Length (%): 23.53

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $5,539,061West Sacramento-G

West Sacramento-H  Total Reach Length (Feet): 1,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,660,008

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,660,008 Total Remediation Cost for Estimate $3,660,008

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,660,008West Sacramento-H

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-I  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $32,481,169

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $32,481,169 Total Remediation Cost for Estimate $32,481,169

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $32,481,169West Sacramento-I

West Sacramento-J  Total Reach Length (Feet): 3,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,645,482

Drained Stability Berm Cost: $12,521,082

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,645,482 Total Remediation Cost for Estimate $11,645,482

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category MG

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,645,482West Sacramento-J

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-K1  Total Reach Length (Feet): 1,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $13,419,184

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,419,184 Total Remediation Cost for Estimate $13,419,184

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $13,419,184West Sacramento-K1

West Sacramento-K2  Total Reach Length (Feet): 3,100

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $705,708

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $705,708

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $705,708

a

Remediated Length (%): 0

Length (%): 0

Length (%): 9.677

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $705,708West Sacramento-K2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-L  Total Reach Length (Feet): 3,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $31,898,262

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $31,898,262 Total Remediation Cost for Estimate $34,415,046

Erosion Repair Cost: $2,419,213

Freeboard/Geometry Cost: $97,571

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $2,516,784

a

Remediated Length (%): 100

Length (%): 50

Length (%): 5.882

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $34,415,046West Sacramento-L

West Sacramento-M  Total Reach Length (Feet): 8,200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,506,493

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,506,493

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $2,506,493

a

Remediated Length (%): 0

Length (%): 0

Length (%): 37.805

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,506,493West Sacramento-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-O  Total Reach Length (Feet): 7,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $18,964,966

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,964,966 Total Remediation Cost for Estimate $21,024,668

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,059,702

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $2,059,702

a

Remediated Length (%): 24.051

Length (%): 0

Length (%): 28.076

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: b

Combo Berm Cost: $15,729,769

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $51,345,204

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,729,769 Total Remediation Cost for Estimate $15,729,769

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 75.949

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $36,754,437West Sacramento-O

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-P  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $10,501,597

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,501,597 Total Remediation Cost for Estimate $10,501,597

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $10,501,597West Sacramento-P

West Sacramento-Q  Total Reach Length (Feet): 2,800

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,035,703

DSM Wall Cost: $29,783,226

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,035,703 Total Remediation Cost for Estimate $8,656,519

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $620,816

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $620,816

a

Remediated Length (%): 100

Length (%): 0

Length (%): 64.29

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $8,656,519West Sacramento-Q

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-R  Total Reach Length (Feet): 3,200

Estimate Run: a

Combo Berm Cost: $11,040,024

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $25,499,138

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,040,024 Total Remediation Cost for Estimate $11,040,024

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $11,040,024West Sacramento-R

West Sacramento-S  Total Reach Length (Feet): 8,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $98,937,396

DSM Wall Cost: $103,529,131

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $98,937,396 Total Remediation Cost for Estimate $98,937,396

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $98,937,396West Sacramento-S

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-X  Total Reach Length (Feet): 5,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $18,206,377

Drained Stability Berm Cost: $0

Seepage Berm Cost: $17,710,138

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,710,138 Total Remediation Cost for Estimate $17,710,138

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $17,710,138West Sacramento-X

West Sacramento-Y  Total Reach Length (Feet): 9,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,926,550

DSM Wall Cost: $13,608,928

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,926,550 Total Remediation Cost for Estimate $2,926,550

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 13.83

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $56,826,244

DSM Wall Cost: $68,741,963

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $56,826,244 Total Remediation Cost for Estimate $56,826,244

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 67.553

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,939,521

DSM Wall Cost: $18,319,408

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,939,521 Total Remediation Cost for Estimate $3,939,521

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 18.617

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $63,692,315West Sacramento-Y

Woodland-A  Total Reach Length (Feet): 10,000

Estimate Run: a

Combo Berm Cost: $26,791,773

Slurry Wall Cost: $37,569,444

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $26,791,773 Total Remediation Cost for Estimate $55,360,856

Erosion Repair Cost: $21,280,000

Freeboard/Geometry Cost: $7,289,083

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $28,569,083

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Total Remediation Cost Estimated for Reach $55,360,856Woodland-A

Woodland-B  Total Reach Length (Feet): 8,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,860,230

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,860,230

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $3,860,230

a

Remediated Length (%): 0

Length (%): 0

Length (%): 68.391

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $3,860,230Woodland-B

Woodland-C  Total Reach Length (Feet): 5,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,533,906

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,533,906

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $2,533,906

a

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $2,533,906Woodland-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Woodland-E  Total Reach Length (Feet): 7,400

Estimate Run: a

Combo Berm Cost: $27,894,550

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $54,020,768

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,894,550 Total Remediation Cost for Estimate $27,894,550

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $27,894,550Woodland-E

Woodland-F  Total Reach Length (Feet): 4,700

Estimate Run: a

Combo Berm Cost: $14,764,413

Slurry Wall Cost: $15,947,842

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,764,413 Total Remediation Cost for Estimate $14,764,413

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $14,764,413Woodland-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Woodland-G  Total Reach Length (Feet): 6,800

Estimate Run: a

Combo Berm Cost: $16,970,333

Slurry Wall Cost: $25,547,222

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $16,970,333 Total Remediation Cost for Estimate $16,970,333

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $16,970,333Woodland-G

Woodland-H  Total Reach Length (Feet): 5,200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,879,188

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,879,188 Total Remediation Cost for Estimate $7,779,759

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,900,571

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,900,571

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $7,779,759Woodland-H

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Woodland-I  Total Reach Length (Feet): 34,300

Estimate Run: a

Combo Berm Cost: $27,360,226

Slurry Wall Cost: $37,203,980

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,360,226 Total Remediation Cost for Estimate $47,635,062

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $20,274,836

Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $20,274,836

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG
Jet Grout Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0

Length (%): 0

Total Remediation Cost Estimated for Reach $47,635,062Woodland-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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 Memorandum  
URS Corporation         
2870 Gateway Oaks Drive, Suite 150 
Sacramento, CA 95833 
Tel: 916.679.2000 
Fax: 916.679.2900  
 

RACER Memorandum  December 22, 2010 
 Page 1 of 8 

 
NORTH NON-URBAN LEVEE EVALUATIONS (NULE) PROJECT 

REMEDIATION ALTERNATIVES AND COST ESTIMATE REPORT (RACER) 
 

 
Date: December 22, 2010 

To: Mike Inamine, Principal Engineer, Levees Portfolio Manager, DWR 
Hamid Bonakdar, Chief, Non-Urban Levee Evaluations Branch, DWR 

From: Richard Millet, URS Corporation 
Sujan Punyamurthula, URS Corporation 
Joseph Barnes, URS Corporation 

Reviewed By: Jay Kamine, URS Corporation 

Contract: 4600008101, Task Order U107 

Subject: Preliminary Estimate of Levee Remediation Costs for North NULE Levees 

 
1.0 BACKGROUND AND SCOPE 

The Department of Water Resources (DWR) is undertaking a program to determine the approximate cost 
to repair non-urban project and related non-urban non-project levees in the Sacramento (North NULE 
Study Area) and San Joaquin (South NULE Study Area) river systems. Under separate agreements with 
DWR, URS is responsible for preparing cost estimates for the North NULE Study Area and Kleinfelder is 
responsible for preparing estimates for the South NULE Study Area. This memorandum estimates costs 
for repair in the North NULE Study Area.  

On May 20, 2010, URS received authorization to begin work on Task Order U107, which included 
providing geotechnical, civil engineering, and cost estimating support services for DWR. These services 
also entailed preparing a Remediation Alternatives and Cost Estimate Report (RACER) for the North 
NULE Study Area. Task Order U107 is comprised of five tasks; this memorandum documents and 
transmits work completed under the first two tasks: 

� Task U107-1 (1a and 1b): Identification of Remediation Alternatives and Development of Unit Costs 
for Project and Non-Project Levees 

� Task U107-2 (2a and 2b): Selection of Remediation Alternatives and Development of Cost Estimates 
for Project and Non-Project Levee Sections 

As part of Task U107-1, URS updated the Draft Parametric Cost Estimating Tool (Estimating Tool) 
originally developed in 2008. This update created a consistent methodology for generating levee repair 
alternative cost estimates.  

Under Task U107-2, URS selected levee remediation alternatives for levee segments in the North NULE 
Study Area. These remediation alternatives addressed deficiencies identified in the June 2010 Draft 
Phase 1 Geotechnical Assessment Report (GAR), and determined likely conceptual, planning-level 
remediation costs using the Estimating Tool. The Draft GAR identified under seepage, throughseepage, 
stability, erosion, and freeboard/geometry deficiencies that could exist along levee segments for the 
design-basis water level. As discussed in the Draft GAR, deficiencies were identified based on limited, 
existing surface and subsurface levee data and past performance history. The work performed under both 
Tasks U107-1 and U107-2, including cost estimating results, are summarized in this memorandum. 
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RACER Memorandum  December 22, 2010 
 Page 2 of 8 

This memorandum serves as an interim report. The Final RACER will be completed in April 2011, 
approximately one month after the Final GAR is complete as identified on the NULE Project’s current 
deliverables schedule. 

Cost estimates presented in this memorandum provide a base case for future flood mitigation planning by 
DWR for the North NULE Study Area. These estimates reflect an estimated cost to remediate levees 
where remediated levees would conform to applicable design-basis hydraulic, geometric, and freeboard 
requirements stipulated in one or more of the following agreements between the federal government and 
the State of California: 

� 1953 Memorandum of Understanding Respecting the Sacramento River Flood Control Project 
between the USA (United States Army Corps of Engineers) and the State of California, dated 
November 6,1953 (MOU1953) 

� Supplement 1 to MOU1953, dated November 25, 1957 

� Supplement 2 to MOU1953, dated June 5, 1958 

Approximately 85 percent of the levee segments covered by this memorandum are evaluated for a 
design water surface elevation specified in one of the agreements listed above. Approximately 15 percent 
of the levee segments have no formal design water surface elevation specified in the agreements. Of the 
15 percent, 13 percent are evaluated assuming the design water level is located 3 feet below the existing 
crest elevation and 2 percent are evaluated assuming the design water level is located 1.5 feet below the 
existing crest. Levees in the 2 percent category are typically low levees located in the Delta. 

2.0 TECHNICAL APPROACH TEAM MEETINGS 

A series of 13 Technical Approach Team (TAT) meetings were conducted between June and October 
2010 to address and resolve administrative and technical questions identified during the execution of the 
remediation selection and cost estimating work. The TAT was composed of DWR representatives, senior 
URS Corporation (URS) geotechnical engineering staff who were already familiar with the North NULE 
Study Area from their involvement preparing the Draft GAR, and a representative of Kleinfelder, Inc. 
(Kleinfelder). As noted, Kleinfelder is responsible for estimating the remediation costs for the South NULE 
Study Area levees. Kleinfelder participated in the TAT meetings to ensure North NULE Study Area and 
South NULE Study Area work was being performed consistently, that both study area teams received the 
same direction from DWR, and that both interim and final cost estimating work products would be similar 
in format and content. Each TAT meeting was documented with an agenda, meeting notes, and a list of 
action items assigned during the meeting. 

3.0 TASK U107-1, IDENTIFICATION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT 
OF UNIT COSTS FOR PROJECT AND NON-PROJECT LEVEES 

3.1 Key Estimating Assumptions 

Based upon issues, questions discussed, and recommendations made during the first few TAT meetings, 
URS developed a draft list of key estimating assumptions applicable to the work (see Attachment 1 for 
complete list). Some key assumptions are described below. 

3.1.1 Environmental Mitigation 

The original Estimating Tool proposed a rigorous consideration of potential biological impacts and site 
conditions along a levee segment or reach to estimate an environmental impact cost expressed as a 
percentage of the direct construction cost. Due to lack of site-specific environmental information, and lack 
of time to develop specific data, the current Estimating Tool was modified to include only two mitigation 
percentages: 25 and 35 percent. The higher percentage was applied where wetland conditions were 
anticipated or wetland indicator species were suspected. It was also used for main river system levees 
where rock slope protection was required on the waterside and rock placement work would be required 
near or in the water. The lower percentage was used for all other segments. Using readily available 
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information, such as County General Plans, a URS biologist researched each segment and determined 
whether the higher or lower percentage should be applied. This method and its application were agreed 
upon in a meeting with a DWR biologist and by TAT meeting participants. 

3.1.2 Land Acquisition 

The estimate includes allowances for temporary and permanent easement acquisitions required for each 
remediation based upon the estimated footprint for the remediation. Figure 1 shows basic land acquisition 
requirements for various seepage/stability berm and seepage cutoff wall remediations. Allowances 
include land required for remediation, for a 20-foot-wide permanent Central Valley Flood Protection Board 
(CVFPB) easement along the landside toe, and a 5-foot-wide additional temporary easement that 
provides a 25-foot construction corridor when combined with the CVFPB easement. Because of the lack 
of available easement data for many rural levee segments in the NULE Project, it was assumed 
that no easements currently exist for the estimates provided in this memorandum. 

The TAT identified four categories of land use: 

� Agricultural 

� Orchard 

� Commercial 

� Residential 

Attachment 1 identifies the input cost parameters for each of these land uses. When assigning 
remediations to a levee segment, an estimate of the percentage of each land category potentially 
impacted by the remediation was determined. These percentages are an input parameter to the 
Estimating Tool. The tool calculates a composite real estate rate per acre based on the input 
percentages, and uses this rate to estimate real estate costs for the remediation alternative’s required 
area. 

3.1.3 Rock Slope Protection for Erosion Remediation 

As agreed upon by TAT participants, only rock slope protection was considered as a remediation to 
address a waterside erosion deficiency. Rock slope protection costs were estimated for two scenarios. In 
the first scenario, rock slope protection costs were estimated assuming the full lengths of deficient levee 
specified in the Draft GAR were remediated. Because this cost is significant, the second scenario 
considered limiting rock slope protection to approximately 20 percent of the length specified in the Draft 
GAR. This 20 percent factor conservatively represents the length requiring immediate attention based on 
a review of the current approach being used by the local levee Reclamation and Maintenance Districts to 
address critical repair sites. Remediation in other areas (beyond the 20 percent factor) would be assumed 
completed as ongoing maintenance activities. Unit rates for rock and rock installation typical for non-state 
or federal projects were used to estimate costs, rather than using the higher rates seen in DWR’s 
emergency levee repair program. 

3.1.4 Revegetation 

For the estimates presented in this memorandum, revegetation of disturbed areas and new construction 
areas (other than rock slope protection areas) was assumed to be limited to hydroseeding. This is the 
customary treatment for recent levee remediation projects. The cost for special plantings, irrigation 
systems, and ongoing maintenance included as part of the emergency levee repair program was not 
reflected in the estimates presented in this memorandum. 

3.1.5 Escalation 

Cost estimates include escalation for one year from October 2010 to October 2011 as requested by the 
Central Valley Flood Protection Planning Group. Escalation is assumed at 3 percent per year. 
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3.1.6 Other Direct and Indirect Costs 

In addition to escalation, estimates provided with this memorandum include appropriate allowances for 
engineering and design, engineering support during construction, construction management, and owner 
legal costs. The respective factors for these costs are presented in Attachment 1. 

3.1.7 Levee Segments Not Covered by the Draft GAR 

Based on the current segment count available, there are approximately 16 levee segments totaling 
approximately 31 miles in length in the North NULE Study Area that are not currently analyzed in the 
Draft GAR due to lack of data, lack of access, or other programmatic reasons. These segments typically 
include small levees that range in length from 0.1 miles to 5.5 miles, with an average length of 
approximately 1.9 miles. These missing segments represent only approximately 3.5 percent of the total 
levee length under study in the North NULE Study Area. Section 5.1 addresses the cost to remediate the 
16 levee segments that are not currently included in the Draft GAR.  Note that the missing segments are 
being inspected and evaluated as part of the ongoing GAR evaluation work, and specific remediation 
costs for these segments will be included in the Final RACER estimate after the GAR is finalized.  

3.1.8 Burrowing Animal Infestation 

Numerous levee segments and reaches are identified in the Draft GAR as having significant burrowing 
animal infestation. As agreed upon by TAT participants, such infestations were not taken as a cause for 
remediation by themselves. No estimated costs to treat burrowing animal infestation are included for 
levee segments in this memorandum.  

DWR has evaluated an approximate cost to repair burrowing animal damage as a maintenance activity by 
evaluating historical data for a 23-mile-long segment of levee. The results of the evaluation indicate that 
the material, equipment, and labor cost to backfill holes can range from $2,000 to $3,000 per mile for one 
treatment cycle.  The need for addition and/or ongoing treatment cycles, particularly in orchard areas, 
would increase this estimated cost.   

3.1.9 Guidance for Defining Dimensions For Slurry Walls and Seepage Berms for Estimating 

There are locations in the North NULE Study Area where the width of seepage berm or depth of slurry 
wall cannot be determined based on available information. In such cases, an approximation method was 
used to select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width were based on landside height of levee and were agreed upon 
by TAT participants. Width and depth selection criteria are discussed further in the Estimating 
Assumptions (Attachment 1). 

The assumptions described above and those documented in Attachment 1 were all reviewed and agreed 
upon by TAT participants for a conceptual planning effort and are reasonable and appropriate considering 
the limited physical and geotechnical data and a lack of specific remediation designs. Because of these 
limitations, URS recommends the estimates presented in this memorandum are solely used as a tool for 
levee remediation program planning. These cost estimates should not be used for actual 
construction budget planning, particularly on a segment-by-segment basis.  

3.2 Estimating Tool Background and Update 

In 2008, URS developed a draft version of the Estimating Tool to prepare conceptual-level cost estimates 
to remediate seepage, stability, and erosion deficiencies. The Estimating Tool included 20 alternative 
remediations for seepage, 6 remediations for stability, and 6 remediations for erosion. In addition to the 
direct civil construction costs for major work items, the Estimating Tool also included estimates for 
significant indirect cost items, such as engineering and design, construction management, site 
restoration, environmental mitigation, temporary and permanent real estate acquisitions, permitting/legal 
costs, escalation, and contingency.  
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The Estimating Tool was the starting point for developing and refining a simplified version used to prepare 
the estimates described in this memorandum. Simplification entailed reducing the number of remediation 
options available as described in Section 3.4, and, as previously noted, simplifying the routine to estimate 
environmental impact costs and rock slope protection costs for erosion remediation. The amount of input 
data required to prepare an estimate was also reduced by incorporating more capability into the 
programming. New programming maximized the internal calculation of quantities for standardized 
alternative templates using readily available average levee dimensions along a segment or reach. 
Simplifications to the Estimating Tool are warranted and commensurate with the limited information 
available to prepare the Draft GAR. The Estimating Tool was discussed at several TAT meetings; a 
version was provided to DWR for review and comment before production estimating began. 

The original Estimating Tool did not include alternatives to remediate freeboard and geometry 
deficiencies. A standardized freeboard and geometry template was added to the Estimating Tool to 
prepare freeboard and geometry estimates presented in this memorandum.  

3.3 Unit Rates for Estimating 

Unit rates used in the Estimating Tool are generally the same rate used in the 2008 version. Rates were 
updated in several instances to reflect recent bid results and other estimating experience on levee 
remediation projects in northern California. Caution was used to avoid adopting any highly competitive 
lower rates seen bidding during the recent economic downturn.  

3.4 Identifying Remediation Alternatives 

From TAT discussions, and as noted previously, it was determined that only eight alternative 
remediations would be included in the Estimating Tool. These remediations could be used individually, or 
in combinations, to address all of the deficiencies identified in the Draft GAR. The eight alternative 
remediations are listed below: 

Alternative Type of Deficiency Remediated 

Drained stability berm Throughseepage and stability deficiencies 

Seepage berm Underseepage deficiency 

Combination drained stability and seepage berm Throughseepage, underseepage, stability deficiencies 

Conventional soil-bentonite slurry wall (up to 75 feet 
remediation depth) 

Throughseepage and underseepage deficiencies 

Deep Soil Mixing (DSM) wall  
(greater than 70 feet remediation depth ) 

Throughseepage and underseepage deficiencies 

Rock slope protection Waterside erosion deficiency 

Replacement levee Throughseepage and stability deficiencies 

Freeboard/geometry remediation Freeboard and/or geometry deficiencies 

 
Standardized details were developed for each remediation to be used as building blocks that could be 
estimated separately and combined with others to provide a complete remediation estimate for any given 
set of deficiencies. Typical remediation details for berms and seepage cutoff walls are shown on Figure 2. 
Lettered dimensions on Figure 2 are those typically used as input for the Estimating Tool. Figure 3 shows 
typical details for the rock slope protection remediation. Different remediation combinations could be used 
to provide alternative remediation sets for comparison and selection of the minimum cost. For example, a 
slurry wall and stability berm combination could be compared against a combination berm where 
underseepage, throughseepage, and stability deficiencies exist. Figure 4 shows typical details for the 
freeboard and geometry remediation. Note that the remediation assumes that landside levee widening 
would be used to provide acceptable freeboard and geometry configurations and to minimize 
environmental remediation costs associated with work on the waterside of the levee. 
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3.5 Miscellaneous Remediations 

Additional potential remediation costs other than those already mentioned were also evaluated for 
physical conditions and anomalous hazards that could affect levee performance. As segments and 
reaches were being evaluated for the Draft GAR, ancillary features were occasionally noted that could 
influence levee performance. These features include anomalous hazards such as pump stations with 
pipes through or under a levee, other utilities through or under levees, irrigation and drainage canals 
terminating at levees, minor bridges, reconstruction of paved roads on levees, etc. Because of the limited 
coverage of miscellaneous items available in the Draft GAR, the cost estimates presented herein do not 
include specific allowance for miscellaneous remediations. They are assumed covered in the 30 percent 
contingency applied to all estimates. 

3.6 Levee Segments Evaluated 

Based upon the current count of levees within the North NULE Study Area, approximately 191 levee 
segments and reaches fall within the North NULE Study Area. Of these, approximately 176 segments and 
reaches are covered by the Draft GAR, addressing approximately 810 miles of levee. The remaining 
segments (approximately 31 miles in total length) are not included as noted previously due to the lack of 
data, lack of entry for inspections, or other programmatic reasons.  

Of the 176 levee segments and reaches analyzed for cost based upon the Draft GAR, 22 are assigned to 
Hazard Category A (no failure modes requiring remediation at this time). This leaves 154 segments and 
reaches that are assigned to Hazard Categories B, C, or LD for one or more potential failure modes. For 
the remaining 154 segments and reaches, remediations were selected and cost estimates were prepared.  

4.0 TASK U107-2, SELECTION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT OF 
COST ESTIMATES FOR PROJECT AND NON-PROJECT LEVEE SECTIONS  

4.1 Selecting Remediation Alternatives 

Four teams were established to review and select remediation alternatives for each segment in the Draft 
GAR where one or more deficiencies were identified. For continuity, teams were established and 
assigned segments so that team members already would be familiar with the segments from their 
previous work on the Draft GAR. All deficiencies categorized as B, C, or LD in the Draft GAR were 
assumed to require remediation. Segments with an overall Category A classification that had a 
freeboard/geometry deficiency identified in the Draft GAR were remediated for the freeboard/geometry 
deficiency. 

Teams used a standardized Remediation Selection Form (Figure 5) to identify remediations to be 
estimated, including an alternative where possible, and to fill in the basic data required for the estimate 
(length, depth, width of the remediation, etc.). 

After remediation alternatives were selected by each team, the selections shown on the Remediation 
Selection Forms were reviewed and critiqued by an independent senior review committee composed of 
URS and DWR representatives familiar with the levee system. Kleinfelder followed a similar process and 
representatives of Kleinfelder and URS participated in each other’s review sessions to ensure 
consistency in the remediation selection and senior review process between the North and South NULE 
Study Areas. After the review process was completed for segments, the Remediation Selection Forms 
were used by the estimating team to prepare the cost estimates. 

4.2 Preparing Cost Estimates 

The Estimating Tool was used to prepare estimates for remediation combinations identified on the 
Remediation Selection Forms.  
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4.3 Compiling Estimate Data For Presentation 

Because of the large volume of estimating data generated, URS used a Microsoft Access database to 
compile the results. The database was then used as a tool to analyze the data and tabulate the results in 
a series of summary tables discussed further in Section 5.0. The content and format of the summary 
tables were discussed at the TAT meeting and the table formats were approved before the tables were 
finalized. The database evaluated the cost of alternatives to remediate a deficiency and selected the 
minimum cost remediation, which then was carried forward to the various tables described below in 
Section 5.0.  

5.0 OPINION OF PROBABLE COST 

5.1 Remediation Costs for Levee Segments Included in the Draft GAR 

Estimating results are presented using four tables presented at the end of this memorandum. As 
discussed during the TAT meetings, costs are segregated based upon the type of remediation required 
as follows: 

�  Structural Remediations (addressing throughseepage, under seepage, and stability deficiencies) 

�  Waterside Erosion Remediations 

�  Freeboard and Geometry Remediations 

For each type of remediation, costs are typically sorted and grouped first by GAR Study Area (i.e., 1, 2, 3, 
4, 5), then by overall hazard categorization (i.e., A, B, C, or LD), then by segment number and name (i.e., 
Segment 47, Chico Mud Unit 3a).  

Table 1 provides an overall summary of costs by GAR study area and type of remediation that could be 
required.  

Table 2 provides the summary of costs specifically for the structural remediations to address 
throughseepage, under seepage, and stability deficiencies.  

Table 3 provides the summary of costs specifically for erosion remediations based upon the individual 
segment categorization for erosion provided in the Draft GAR. As mentioned previously, these costs were 
developed assuming the individual deficient lengths identified in the Draft GAR for each segment were 
repaired regardless of hazard categorization (B, C, LD). This represents an upper bound estimate of the 
erosion remediation cost. A lower bound cost estimate for erosion repair was also estimated by assuming 
that only about 20 percent of the deficient erosion length specified in the Draft GAR is remediated 
immediately, and the remainder is remediated on an ongoing basis using maintenance budgets. This 
assumption would result in reducing the costs provided in Table 3 by 80 percent. Another approach to 
remediating erosion might be to remediate only segments with Erosion Category C leaving Categories B 
and LD to be remediated as an ongoing maintenance activity. These costing approaches are summarized 
as follows: 

Possible Waterside Erosion Remediation Strategies Estimated Cost 

1. Remediate All Deficient Lengths in Draft GAR (B, C, LD) $2,648,000,000 

2. Remediate Only Individual Erosion Category C Deficient 
Lengths in Draft GAR 

$  799,252,000 

3. Remediate 20 Percent of All erosion Deficient Length in Draft 
GAR 

$  .530,000,000 

4. Remediate 20 Percent of Only Individual Erosion Category C 
Deficient Length in Draft GAR 

$  .159,850,000 

 
Table 4 provides the summary of costs to remediate freeboard and geometry deficiencies.  
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Detailed backup information for all estimates (segment by segment) is provided in Attachment 2. Tables 1 
through 4 were developed by sorting the information from the database (Attachment 2) for this 
memorandum.  

5.2 Remediation Costs for Levee Segment Not Included in the Draft GAR 

As stated earlier, approximately 16 levee segments representing approximately 3.5 percent of the total 
levee length within the North NULE Study Area are not evaluated for deficiencies in the Draft GAR. The 
TAT agreed that a cost should be allowed in the cost estimate provided in this memorandum to cover the 
missing segments. A review of the missing segments typically shows them to be small levees relative to 
the ones already evaluated in the Draft GAR. Because of the nature of these levees, the possibility that 
several could be assigned to Hazard Category A, and the anticipated low remediation costs that would be 
anticipated to correct deficiencies, it is reasonable to assume at this time that the remediation cost would 
be covered within the 30 percent contingency used in all estimates prepared for levee segments covered 
by the Draft GAR. Costs for missing segments will be included in the Draft RACER Report due when the 
GAR is completed. 
 
6.0 ESTIMATE LIMITATIONS AND FUTURE UPDATES 

The estimates provided in this memorandum are order-of-magnitude estimates based on limited data 
provided in the Draft GAR. Simplifying assumptions were made by URS and agreed to by the TAT to 
facilitate estimating. The assumptions are reasonable and appropriate considering the limited physical 
and geotechnical data and lack of specific remediation designs. The extent and depth of selected 
remediations used to address deficiencies identified in the Draft GAR and estimate costs are based on 
engineering judgment without detailed analysis, which is beyond the scope of work authorized by the task 
order. Cost estimate results presented in this memorandum should only be used by DWR as a tool for 
levee remediation program planning and not for actual construction budget planning, particularly on a 
segment-by-segment basis.  

Estimates provided here are based on the current Draft GAR. The Draft GAR is being updated and a 
revised estimate of remediation cost should be completed when the Final GAR is completed. 

The extent of surface and subsurface information relative to the levees within the North NULE Study Area 
will continue to increase.  As additional information on levee conditions continues to be obtained after 
completion of the GAR, further updates of the cost estimates presented in this memorandum will be 
necessary. 
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TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

Overall Summary

1

A $0 $0 $50,104,000159,330 0 0 90,400

B $1,380,670,000 $629,497,000 $197,252,0001,384,480 823,960 382,980 541,720

C $3,707,281,000 $1,979,208,000 $316,581,0002,327,710 2,065,980 1,065,880 875,480

LD $156,882,000 $0 $48,415,000211,670 126,360 0 121,970

LD (A or B) $49,953,000 $0 $21,389,00073,610 53,400 0 55,730

LD (B or C) $152,443,000 $39,308,000 $13,476,000100,000 73,420 21,330 44,150

$5,447,230,000 $2,648,012,000 $647,217,0004,256,810 3,143,120 1,470,190 1,729,440Grand Total:

Page 1 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 1

1

A $0 $0 $13,351,00051,130 0 0 32,830

B $201,147,000 $119,722,000 $51,042,000279,630 127,380 92,230 139,450

C $48,781,000 $45,572,000 $7,585,00085,110 54,010 33,390 22,960

LD $61,131,000 $0 $22,112,00077,830 50,530 0 59,080

LD (A or B) $29,767,000 $0 $5,198,00035,970 24,600 0 18,940

$165,294,000$340,826,000 $99,288,000273,260125,620Subtotal 529,670 256,530

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 2

1

B $137,389,000 $37,956,000 $20,793,000198,360 97,500 41,570 72,030

C $1,596,729,000 $724,355,000 $143,480,0001,006,330 850,260 385,060 391,530

LD (B or C) $26,089,000 $7,522,000 $502,00015,270 13,740 4,580 1,530

$769,833,000$1,760,207,000 $164,775,000465,080431,210Subtotal 1,219,960 961,500

Page 2 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 3

1

B $258,120,000 $105,966,000 $25,676,000211,830 149,130 55,950 71,080

C $448,578,000 $243,572,000 $35,460,000338,060 317,860 119,050 101,280

LD $8,304,000 $0 $3,775,00015,660 5,510 0 6,190

LD (B or C) $33,949,000 $9,270,000 $2,634,00027,550 24,330 6,520 8,390

$358,808,000$748,952,000 $67,545,000186,940181,520Subtotal 593,110 496,830

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 4

1

A $0 $0 $16,293,00056,700 0 0 26,670

B $147,971,000 $81,483,000 $12,760,00093,890 80,980 45,250 33,140

C $494,577,000 $481,100,000 $61,801,000313,570 313,570 270,390 167,430

LD $55,790,000 $0 $16,667,00057,940 42,630 0 36,320

LD (A or B) $13,293,000 $0 $8,869,00020,240 20,110 0 19,390

$562,583,000$711,632,000 $116,390,000282,960315,640Subtotal 542,330 457,290

Page 3 of 4
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Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 5

1

A $0 $0 $20,460,00051,500 0 0 30,900

B $636,044,000 $284,370,000 $86,981,000600,780 368,960 147,970 226,020

C $1,118,615,000 $484,609,000 $68,255,000584,640 530,280 258,000 192,280

LD $31,658,000 $0 $5,860,00060,240 27,680 0 20,370

LD (A or B) $6,893,000 $0 $7,322,00017,400 8,700 0 17,400

LD (B or C) $92,405,000 $22,516,000 $10,340,00057,180 35,350 10,240 34,230

$791,494,000$1,885,614,000 $199,219,000521,200416,210Subtotal 1,371,740 970,990

Page 4 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 1

Overall Segment Categorization: B

Chico-Mud Unit 3c 5,320 2,610 $1,971,000 $3,991,000U+E+FG48.2

LD 3-Glenn, Sacramento River (Glenn Co) 63,230 9,480 $19,268,000 $10,726,000T+U+Ss68.0

LD 3-Glenn, Sacramento River (Glenn Co) 63,230 22,130 $32,978,000 $7,868,000T+U+Ss+E+FG68.0

Maintenance Area No. 05 - Unit 1 42,050 8,410 $12,365,000 $7,763,000U+Ss+E+FG103.0

Maintenance Area No. 05 - Unit 1 42,050 2,100 $2,979,000 $7,482,000U+FG103.0

Maintenance Area No. 05 - Unit 1 42,050 2,100 $1,815,000 $4,558,000U103.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $3,849,000 $3,205,000Ss104.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $5,755,000 $4,792,000U+FG104.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $8,341,000 $6,945,000U+E+FG104.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $4,703,000 $3,916,000Ss104.0

Sacramento River East Levee Unit 1d 37,510 1,880 $1,522,000 $4,285,000T161.0

Sacramento River East Levee Unit 1d 37,510 7,500 $11,604,000 $8,167,000T+U+E+FG161.0

Maintenance Area No. 05 - Unit 2b 12,220 9,780 $27,554,000 $14,876,000T+U263.1

Maintenance Area No. 05 - Unit 2b 12,220 2,440 $9,866,000 $21,305,000T+U+E+FG263.1

Maintenance Area No. 13 - Unit 1c 28,100 8,430 $5,134,000 $3,216,000Sn272.0

Maintenance Area No. 05 - Unit 1 25,150 2,520 $6,224,000 $13,067,000U381.1

Maintenance Area No. 05 - Unit 1 25,150 20,120 $41,209,000 $10,814,000T+U+E+FG381.1

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 1

Maintenance Area No. 05 - Unit 1 25,150 2,520 $4,009,000 $8,416,000U+FG381.1

Subtotal for Categorization B 127,380 $201,147,000255,860 $8,337,000

Overall Segment Categorization: C

Sacramento River East Levee Unit 1b, and Unit 1 50,080 15,020 $11,472,000 $4,032,000T160.0

Sacramento River East Levee Unit 1b, and Unit 1 50,080 10,020 $13,612,000 $7,176,000U+E+FG160.0

Sacramento River East Levee Unit 3, Colusa Wei 12,110 6,050 $8,908,000 $7,770,000U+E+FG291.0

Maintenance Area No. 13 - Unit 2e 22,920 7,790 $5,922,000 $4,013,000Sn383.2

Maintenance Area No. 13 - Unit 2e 22,920 15,130 $8,866,000 $3,095,000Sn383.2

Subtotal for Categorization C 54,010 $48,781,00085,110 $4,768,000

Overall Segment Categorization: LD

Maintenance Area No. 13 - Unit 1a 18,160 9,080 $8,703,000 $5,060,000T+U108.0

Maintenance Area No. 13 - Unit 2a 19,050 9,520 $8,414,000 $4,665,000U109.0

Sacramento River East Levee Unit 1a 17,750 9,050 $15,568,000 $9,081,000T+U159.0

Maintenance Area No. 05 - Unit 2b 12,220 3,060 $6,415,000 $11,083,000T+U263.2

Maintenance Area No. 05 - Unit 2b 12,220 9,170 $13,653,000 $7,862,000T+U+FG263.2

Maintenance Area No. 13 - Unit 2c 6,700 2,010 $1,946,000 $5,112,000U271.0

Maintenance Area No. 13 - Unit 2c 6,700 4,690 $3,268,000 $3,680,000U271.0

Segment 1027 3,950 3,950 $3,164,000 $4,230,000T+U1,027.0

Subtotal for Categorization LD 50,530 $61,131,00077,830 $6,387,000

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 1

Overall Segment Categorization: LD (A or B)

Chico-Mud Unit 1a 13,760 13,760 $20,845,000 $8,001,000T+U45.2

Chico-Mud Unit 3a 11,410 1,480 $1,137,000 $4,046,000U+FG47.0

Chico-Mud Unit 3a 11,410 3,990 $3,767,000 $4,979,000U+FG47.0

Chico-Mud Unit 3c 4,560 680 $466,000 $3,597,000U+FG48.1

Chico-Mud Unit 2a 6,240 4,680 $3,552,000 $4,008,000U269.0

Subtotal for Categorization LD (A or B) 24,600 $29,767,00035,970 $6,390,000

Subtotal for GAR Study Area 1 256,530 $340,826,000 $7,015,000454,770

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 2

Overall Segment Categorization: B

Elder Creek Unit 4b - Tehama County 4,930 2,020 $1,600,000 $4,181,000U+E+FG57.0

Elder Creek Unit 4a - Tehama County 15,930 1,750 $2,961,000 $8,922,000T+U58.0

Elder Creek Unit 4a - Tehama County 15,930 6,210 $3,879,000 $3,297,000T+U+E58.0

Elder Creek Unit 5 - Tehama County 20,360 6,110 $5,180,000 $4,477,000T+U+FG59.0

Elder Creek Unit 5 - Tehama County 20,360 6,310 $4,004,000 $3,349,000T+U+E+FG59.0

LD 1-Glenn, Sacramento River 64,720 16,180 $20,174,000 $6,583,000T+U+Ss65.0

LD 1-Glenn, Sacramento River 64,720 3,240 $3,664,000 $5,979,000U+E+FG65.0

LD 2-Glenn, Sacramento River 25,920 5,180 $9,292,000 $9,466,000T+U+Ss67.0

LD 2-Glenn, Sacramento River 25,920 7,770 $12,840,000 $8,720,000U+FG67.0

Maintenance Area No. 01 13,400 3,350 $6,962,000 $10,974,000T+U+FG100.0

Maintenance Area No. 01 13,400 3,350 $2,954,000 $4,656,000T100.0

Tisdale Bypass Unit 1 - north bank 23,670 14,200 $24,236,000 $9,009,000U+Sn165.0

Tisdale Bypass Unit 1 - north bank 23,670 7,100 $11,871,000 $8,825,000U165.0

Maintenance Area No. 01 29,420 14,710 $27,771,000 $9,966,000T+U286.0

Subtotal for Categorization B 97,500 $137,389,000198,360 $7,440,000

Overall Segment Categorization: C

Deer Creek Unit 1b 16,320 9,800 $8,097,000 $4,364,000T+U+E+FG54.0

Deer Creek Unit 2 7,640 3,590 $2,466,000 $3,628,000U+E+FG55.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 2

Maintenance Area No. 12 60,000 6,000 $4,880,000 $4,294,000U+Ss107.0

Maintenance Area No. 12 60,000 54,000 $43,924,000 $4,294,000Ss107.0

RD 0070 Unit 2 81,840 16,370 $34,313,000 $11,068,000T+U+Sn115.0

RD 0070 Unit 2 81,840 32,740 $34,109,000 $5,501,000T115.0

RD 0070 Unit 2 81,840 24,550 $25,582,000 $5,501,000Sn115.0

RD 0108 (Colusa Co, and Yolo Co) 107,480 63,410 $61,195,000 $5,095,000Sn+E+FG116.0

RD 0108 (Colusa Co, and Yolo Co) 107,480 53,740 $38,566,000 $3,789,000Sn116.0

RD 0787 23,480 23,480 $27,607,000 $6,209,000Sn+E+FG137.0

RD 1500 Unit 1 174,960 174,960 $334,227,000 $10,087,000T+U+Sn146.0

Sacramento River West Side Levee District 139,270 69,640 $152,314,000 $11,549,000T+U+E+FG158.0

Tisdale Bypass Unit 2 - south bank 23,380 14,030 $36,646,000 $13,793,000U+Sn166.0

Tisdale Bypass Unit 2 - south bank 23,380 9,350 $17,350,000 $9,795,000T+U166.0

RD 1660 Unit 2 48,160 19,270 $50,776,000 $13,916,000T+U+Sn248.0

RD 1660 Unit 2 48,160 9,630 $10,588,000 $5,804,000T+Sn248.0

RD 1660 Unit 2 48,160 19,270 $53,055,000 $14,541,000T+U248.0

Sacramento River West Side Levee District 28,120 7,030 $17,739,000 $13,325,000T+U+Sn287.0

Sacramento River West Side Levee District 28,120 21,090 $53,511,000 $13,399,000T+U+E287.0

Sacramento River West Side Levee District 93,200 13,980 $28,943,000 $10,931,000U288.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 2

Sacramento River West Side Levee District 93,200 18,640 $41,878,000 $11,862,000T+U+Sn+E+FG288.0

RD 0070 Unit 1 41,800 31,350 $92,769,000 $15,625,000T+U293.0

RD 0070 Unit 1 41,800 10,450 $26,139,000 $13,208,000U293.0

RD 1500 Unit 2 109,500 54,750 $171,062,000 $16,498,000T+U294.0

RD 1500 Unit 2 109,500 54,750 $171,062,000 $16,498,000T+U+Sn294.0

Maintenance Area No. 01 45,880 16,060 $27,836,000 $9,154,000T+U+E+FG380.0

Maintenance Area No. 01 45,880 18,350 $30,093,000 $8,659,000U380.0

Subtotal for Categorization C 850,260 $1,596,729,0001,001,030 $9,916,000

Overall Segment Categorization: LD (B or C)

RD 1660 Unit 1 15,270 4,580 $8,696,000 $10,023,000T+U+Sn149.0

RD 1660 Unit 1 15,270 9,160 $17,393,000 $10,023,000T+U149.0

Subtotal for Categorization LD (B or C) 13,740 $26,089,00015,270 $10,023,000

Subtotal for GAR Study Area 2 961,500 $1,760,207,000 $9,666,0001,214,660

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

Overall Segment Categorization: B

Marysville Unit 3 (NE extension) 20,150 2,010 $3,970,000 $10,405,000T+U+Sn52.1

Marysville Unit 3 (NE extension) 20,150 3,020 $10,381,000 $18,137,000T+U+Sn52.1

Marysville Unit 3 (NE extension) 20,150 2,010 $3,052,000 $7,999,000U52.1

Marysville Unit 3 (NE extension) 20,150 7,050 $13,895,000 $10,405,000T+U+Sn52.1

Maintenance Area No. 03 11,600 5,800 $3,606,000 $3,282,000T101.0

Maintenance Area No. 03 11,600 5,800 $18,600,000 $16,932,000T+U+E101.0

RD 0010 Unit 1 40,410 14,140 $18,393,000 $6,867,000T+Sn114.0

RD 0010 Unit 1 40,410 6,060 $4,402,000 $3,835,000T114.0

RD 0010 Unit 1 40,410 6,060 $20,178,000 $17,578,000T+U114.0

RD 0010 Unit 1 40,410 6,060 $18,712,000 $16,301,000T+U+Sn114.0

RD 1001 Unit 2 19,240 9,620 $14,489,000 $7,955,000T+U+E+FG145.0

RD 1001 Unit 2 19,240 1,920 $3,128,000 $8,587,000U+Ss145.0

RD 1001 Unit 2 19,240 1,920 $2,957,000 $8,117,000U145.0

Sutter Bypass - East Levee - north 22,700 5,680 $6,397,000 $5,952,000Sn163.0

Sutter Bypass - East Levee - north 22,700 17,020 $42,619,000 $13,217,000U+E+FG163.0

Wadsworth Canal Unit 1 11,600 2,320 $2,194,000 $4,993,000U+E+FG167.0

Wadsworth Canal Unit 2 24,300 12,640 $27,034,000 $11,296,000U+E+FG168.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

Wadsworth Canal Unit 2 24,300 6,080 $6,360,000 $5,527,000T168.0

RD 0010 Unit 3 14,850 740 $691,000 $4,913,000T+U275.0

RD 0010 Unit 3 14,850 8,170 $5,694,000 $3,681,000T275.0

RD 0010 Unit 3 14,850 3,710 $3,938,000 $5,601,000T+U275.0

RD 0010 Unit 3 14,850 2,230 $1,318,000 $3,124,000T275.0

RD 1001 Unit 6 24,820 6,200 $4,853,000 $4,130,000Sn285.0

RD 1001 Unit 6 24,820 6,200 $8,650,000 $7,361,000U285.0

RD 0784 Unit 5b 22,180 6,650 $12,611,000 $10,009,000T+U+E392.0

Subtotal for Categorization B 149,130 $258,120,000200,230 $9,139,000

Overall Segment Categorization: C

RD 1001 Unit 1 22,180 11,530 $11,942,000 $5,468,000T+U+FG144.0

RD 1001 Unit 1 22,180 10,640 $18,540,000 $9,196,000U+Sn+FG144.0

RD 2103 Unit 1b 17,950 17,950 $18,598,000 $5,471,000T+U+E+FG154.0

Sutter Bypass - East Levee - south 72,900 18,220 $18,514,000 $5,364,000Sn164.0

Sutter Bypass - East Levee - south 72,900 18,220 $45,384,000 $13,148,000T+U164.0

Sutter Bypass - East Levee - south 72,900 18,220 $45,384,000 $13,148,000U+Sn164.0

Sutter Bypass - East Levee - south 72,900 18,220 $42,248,000 $12,240,000U+E+FG164.0

RD 1001 Unit 3, and Unit 3a 49,630 6,450 $13,667,000 $11,184,000T+U+Ss246.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

RD 1001 Unit 3, and Unit 3a 49,630 5,960 $10,363,000 $9,187,000T+U+Ss246.0

RD 1001 Unit 3, and Unit 3a 49,630 13,900 $23,888,000 $9,076,000T+U+FG246.0

RD 1001 Unit 3, and Unit 3a 49,630 23,330 $29,392,000 $6,653,000T+U+E+FG246.0

RD 1001 Unit 4 70,220 66,010 $1,870,000 $150,000T+U+Ss+E+FG247.0

RD 1001 Unit 4 70,220 700 $3,741,000 $28,126,000T+U+Ss+FG247.0

RD 1001 Unit 4 70,220 1,400 $5,161,000 $19,402,000T+U+Ss+FG247.0

RD 1001 Unit 4 70,220 4,210 $4,948,000 $6,201,000T+U+Ss+FG247.0

RD 1001 Unit 3b 16,630 1,830 $3,792,000 $10,944,000T+U+Ss+E+FG283.0

RD 1001 Unit 3b 16,630 1,500 $5,161,000 $18,205,000T+U+Ss283.0

RD 1001 Unit 5 28,510 7,130 $17,859,000 $13,229,000T+U284.0

RD 1001 Unit 5 28,510 7,130 $7,902,000 $5,853,000Sn284.0

RD 1001 Unit 5 28,510 7,130 $17,859,000 $13,229,000U+Sn284.0

RD 1001 Unit 5 28,510 7,130 $16,392,000 $12,142,000U+E284.0

RD 0010 Unit 2 60,040 27,020 $57,942,000 $11,324,000T+U385.0

RD 0010 Unit 2 60,040 9,010 $12,682,000 $7,436,000U385.0

RD 0010 Unit 2 60,040 15,010 $15,350,000 $5,400,000T385.0

Subtotal for Categorization C 317,860 $448,578,000338,060 $7,451,000

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

Overall Segment Categorization: LD

Honcut Creek Area - Eastern 7,740 1,550 $1,963,000 $6,694,000U62.0

RD 0784 Unit 6 7,920 3,960 $6,341,000 $8,455,000T+U281.0

Subtotal for Categorization LD 5,510 $8,304,00015,660 $7,960,000

Overall Segment Categorization: LD (B or C)

RD 0784 Unit 3b 7,390 1,480 $2,439,000 $8,712,000U135.0

RD 0784 Unit 3b 7,390 5,910 $10,945,000 $9,773,000T+U+E+FG135.0

RD 0817 Unit 1 20,160 8,470 $5,564,000 $3,470,000T+U138.0

RD 0817 Unit 1 20,160 8,470 $15,000,000 $9,354,000T+U+E+FG138.0

Subtotal for Categorization LD (B or C) 24,330 $33,949,00027,550 $7,369,000

Subtotal for GAR Study Area 3 496,830 $748,952,000 $7,959,000581,510

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.

Page 10 of 20

Table 2

T = Throughseepage Ss = Seepage Related Stability FG = Freeboard and Geometry
U = Under Seepage Sn = Non-seepage Related Stability E = Erosion

Legend:

Memorandum December 22, 2010



TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 4

Overall Segment Categorization: B

Middle Creek - Unit 1a 5,680 3,410 $1,438,000 $2,228,000T+E+FG78.0

RD 0785 Unit 1 11,610 11,610 $29,083,000 $13,226,000U+E+FG136.0

RD 0827 Unit 1 7,390 7,390 $17,315,000 $12,371,000T+U+E+FG139.0

Sacramento Bypass Unit 1 - north bank 6,330 6,330 $15,855,000 $13,225,000T+U+Ss156.1

Sacramento Bypass Unit 1 - north bank 3,050 3,050 $3,380,000 $5,852,000Sn+E156.2

Service Area 6 - Yolo County 30,530 2,750 $2,866,000 $5,506,000T+Sn162.0

Service Area 6 - Yolo County 30,530 24,430 $45,391,000 $9,812,000T+U+Sn+E+FG162.0

Yolo Bypass West Levee Unit 1 13,800 9,660 $20,908,000 $11,424,000T+U+Sn+E+FG172.0

Yolo Bypass West Levee Unit 1 13,800 1,380 $1,436,000 $5,491,000Sn172.0

Yolo Bypass West Levee Unit 2 7,960 7,960 $7,481,000 $4,961,000Sn+E+FG173.0

Yolo Bypass West Levee Unit 3 7,530 3,010 $2,818,000 $4,941,000Sn+E174.0

Subtotal for Categorization B 80,980 $147,971,00093,890 $9,648,000

Overall Segment Categorization: C

Cache Creek - Yolo County Unit 1b 61,700 30,230 $41,343,000 $7,220,000T+U+FG41.0

Cache Creek - Yolo County Unit 1b 61,700 31,470 $60,924,000 $10,223,000T+U+E+FG41.0

Middle Creek - Unit 1e 13,260 13,260 $15,725,000 $6,261,000T+U+Ss+E+FG81.2

RD 0537 Unit 1 - northh of Sac Bypass 19,500 19,500 $47,489,000 $12,858,000T+U+E124.0

RD 1600 Unit 1 54,910 54,910 $108,540,000 $10,437,000T+U+Ss+E+FG147.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 4

RD 2035 Unit 2 - Yolo Bypass 16,400 16,400 $30,625,000 $9,860,000T+U+Sn+E+FG150.0

Yolo Bypass East Levee 10,560 5,280 $6,399,000 $6,399,000Sn+E+FG171.0

Yolo Bypass East Levee 10,560 5,280 $14,190,000 $14,190,000U+Sn171.0

Knights Landing Ridge Cut - Unit 1 35,060 3,510 $2,906,000 $4,376,000Sn216.0

Knights Landing Ridge Cut - Unit 1 35,060 31,550 $26,152,000 $4,376,000T+Sn+E+FG216.0

Knights Landing Ridge Cut - Unit 2 34,870 3,840 $5,798,000 $7,982,000Sn217.0

Knights Landing Ridge Cut - Unit 2 34,870 31,030 $27,838,000 $4,737,000Sn+E+FG217.0

RD 0827 Unit 2 14,780 10,350 $13,585,000 $6,931,000Sn+E+FG241.0

RD 0827 Unit 2 14,780 4,440 $5,821,000 $6,930,000U+Sn241.0

RD 1600 Unit 2 22,180 8,870 $10,977,000 $6,534,000Sn+E+FG295.0

RD 1600 Unit 2 22,180 13,310 $36,932,000 $14,655,000U+Sn295.0

RD 2035 Unit 3 - Willow Bypass 12,920 12,920 $18,972,000 $7,750,000T+U+Sn+E297.0

RD 0785 Unit 2 17,420 17,420 $20,361,000 $6,170,000Sn+E+FG393.0

Subtotal for Categorization C 313,570 $494,577,000313,570 $8,328,000

Overall Segment Categorization: LD

Middle Creek - Unit 1e 3,820 3,060 $2,933,000 $5,067,000Ss81.1

Middle Creek - Unit 1e 3,820 760 $1,151,000 $7,958,000U+Ss+FG81.1

Putah Creek Unit 2 - south bank 41,850 12,560 $18,871,000 $7,936,000T+U+FG112.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 4

Putah Creek Unit 2 - south bank 41,850 16,740 $25,287,000 $7,976,000U112.0

Middle Creek - Unit 4 Alley Creek-Channel 6,870 2,750 $1,700,000 $3,264,000T237.0

Middle Creek - Unit 4 Alley Creek-Channel 6,870 1,370 $1,510,000 $5,799,000T+U+FG237.0

Middle Creek - Unit 5 Alley Creek-Channel 5,390 5,390 $4,337,000 $4,247,000T+U+FG267.0

Subtotal for Categorization LD 42,630 $55,790,00057,940 $6,910,000

Overall Segment Categorization: LD (A or B)

Middle Creek - Unit 3 - Scotts Creek 13,070 4,050 $2,282,000 $2,973,000T+Ss+FG80.0

Middle Creek - Unit 3 - Scotts Creek 13,070 1,960 $1,135,000 $3,057,000T+FG80.0

Middle Creek - Unit 3 - Scotts Creek 13,070 4,970 $3,750,000 $3,986,000T+U+Ss+FG80.0

Middle Creek - Unit 3 - Scotts Creek 13,070 1,960 $1,141,000 $3,072,000T80.0

Middle Creek - Unit 3b Scotts Creek 7,160 6,450 $4,160,000 $3,407,000T268.0

Middle Creek - Unit 3b Scotts Creek 7,160 720 $826,000 $6,086,000T+U+FG268.0

Subtotal for Categorization LD (A or B) 20,110 $13,293,00020,240 $3,491,000

Subtotal for GAR Study Area 4 457,290 $711,632,000 $8,217,000485,630

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Overall Segment Categorization: B

RD 0003 Unit 1 22,840 11,420 $12,135,000 $5,610,000T113.1

RD 0003 Unit 1 22,840 2,280 $2,427,000 $5,610,000T+Sn113.1

RD 0003 Unit 1 22,840 4,570 $10,907,000 $12,607,000T+U+Sn+E113.1

RD 0003 Unit 1 22,840 4,570 $10,907,000 $12,607,000U+Sn113.1

RD 0341 Unit 1 17,500 17,500 $33,406,000 $10,078,000T+U+Sn+E+FG119.0

RD 0551 35,830 3,580 $13,835,000 $20,386,000U126.0

RD 0551 35,830 10,750 $25,761,000 $12,653,000U+E126.0

RD 0556 Unit 1 28,940 7,230 $6,649,000 $4,853,000T129.0

RD 0556 Unit 1 28,940 8,680 $7,979,000 $4,853,000Sn129.0

RD 0556 Unit 1 28,940 4,340 $7,392,000 $8,992,000U+E+FG129.0

RD 0999 Unit 1 81,470 48,880 $60,132,000 $6,495,000Sn+FG142.0

RD 2068 Unit 1 29,210 8,760 $7,291,000 $4,393,000Sn+E+FG152.0

RD 0999 Unit 5 49,960 19,990 $21,571,000 $5,699,000T244.0

RD 0999 Unit 5 49,960 14,990 $37,822,000 $13,323,000T+U+E+FG244.0

RD 2098 Unit 4 15,570 4,670 $2,838,000 $3,209,000Sn+FG249.0

RD 0999 Unit 4 6,510 1,950 $14,472,000 $39,139,000U+E303.0

RD 0999 Unit 2 12,060 3,620 $9,789,000 $14,283,000U304.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

RD 0999 Unit 2 12,060 2,410 $7,046,000 $15,422,000U+Sn+E+FG304.0

RD 0999 Unit 2 12,060 6,030 $6,699,000 $5,865,000Sn304.0

RD 0999 Unit 3 19,770 11,860 $22,759,000 $10,129,000T+U305.0

RD 0999 Unit 3 19,770 5,930 $11,691,000 $10,406,000T+U+Sn+E+FG305.0

RD 0501 Unit 3 40,670 24,400 $32,511,000 $7,035,000T+U+Sn+E+FG309.0

RD 0501 Unit 3 40,670 8,130 $26,023,000 $16,893,000U309.0

RD 0501 Unit 3 40,670 4,070 $5,418,000 $7,035,000T309.0

RD 0501 Unit 3 40,670 4,070 $5,418,000 $7,035,000U+Sn309.0

RD 0501 Unit 4 12,040 3,610 $7,552,000 $11,040,000U310.0

RD 0501 Unit 4 12,040 1,200 $1,224,000 $5,366,000Sn310.0

RD 0501 Unit 4 12,040 7,220 $15,934,000 $11,647,000U+Sn+FG310.0

RD 2060 Unit 3a 23,320 8,160 $6,615,000 $4,279,000Sn+E+FG314.0

RD 0536 Unit 2 18,040 3,610 $4,049,000 $5,926,000Sn316.1

RD 0536 Unit 2 18,040 1,800 $4,523,000 $13,237,000U+FG316.1

RD 0536 Unit 2 18,040 7,220 $19,434,000 $14,219,000U+Sn316.1

RD 0536 Unit 2 8,250 4,120 $7,032,000 $9,001,000T+U+Sn+FG316.2

RD 0536 Unit 2 8,250 2,480 $4,219,000 $9,001,000T+U316.2

RD 0003 Unit 2 6,000 6,000 $6,060,000 $5,333,000U+Ss384.1

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Sacramento River Right Bank Levee 85,620 13,700 $31,696,000 $12,216,000U384.2

RD 0150 Unit 3 49,610 14,880 $14,337,000 $5,086,000T386.0

RD 0150 Unit 3 49,610 14,880 $43,759,000 $15,524,000T+U+E+FG386.0

RD 0556 Unit 2 30,260 12,100 $27,535,000 $12,012,000U390.0

RD 0556 Unit 2 30,260 6,050 $14,394,000 $12,558,000T+U+E390.0

RD 0556 Unit 2 30,260 12,100 $12,632,000 $5,511,000T390.0

Segment 1040 7,300 2,920 $9,098,000 $16,451,000U+FG1,040.0

Segment 1040 7,300 2,190 $3,071,000 $7,404,000U+Sn1,040.0

Subtotal for Categorization B 368,960 $636,044,000600,780 $9,102,000

Overall Segment Categorization: C

Brannan-Andrus LMD Unit 1 31,800 3,180 $8,776,000 $14,572,000T+U+FG40.0

Brannan-Andrus LMD Unit 1 31,800 6,360 $8,770,000 $7,281,000T+U+Sn40.0

Brannan-Andrus LMD Unit 1 31,800 17,490 $27,661,000 $8,351,000T+U40.0

Brannan-Andrus LMD Unit 1 31,800 1,590 $2,515,000 $8,351,000U40.0

Maintenance Area No. 09 46,690 4,670 $34,398,000 $38,900,000T+U+Ss+E+FG106.0

Maintenance Area No. 09 46,690 14,010 $33,336,000 $12,566,000T+U+Ss106.0

Maintenance Area No. 09 46,690 18,680 $42,127,000 $11,910,000U106.0

Maintenance Area No. 09 46,690 9,340 $10,084,000 $5,702,000T+Ss106.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

RD 0003 Unit 1 37,300 7,460 $24,420,000 $17,284,000U+Sn113.2

RD 0003 Unit 1 37,300 11,190 $36,630,000 $17,284,000T+U+Sn+E113.2

RD 0003 Unit 1 37,300 18,650 $23,115,000 $6,544,000T113.2

RD 0307 34,590 10,380 $22,448,000 $11,423,000T118.0

RD 0307 34,590 3,460 $7,348,000 $11,218,000U118.0

RD 0307 34,590 13,840 $101,519,000 $38,743,000U+E+FG118.0

RD 0307 34,590 3,460 $3,487,000 $5,323,000T118.0

RD 0501 Unit 1 15,250 4,570 $13,428,000 $15,501,000T+U+Sn+E122.0

RD 0501 Unit 1 15,250 4,570 $13,428,000 $15,501,000T+U122.0

RD 0501 Unit 1 15,250 6,100 $17,009,000 $14,727,000U122.0

RD 0536 Unit 1 22,800 1,140 $2,461,000 $11,400,000T+U+Sn+FG123.2

RD 0536 Unit 1 22,800 6,840 $6,873,000 $5,305,000Sn123.2

RD 0536 Unit 1 22,800 10,260 $22,153,000 $11,400,000U+Sn123.2

RD 0563 64,110 12,820 $11,983,000 $4,935,000T+Sn130.0

RD 0563 64,110 32,060 $57,351,000 $9,447,000T+U130.0

RD 0563 64,110 19,230 $17,975,000 $4,935,000T+E+FG130.0

RD 0755 9,700 7,760 $17,319,000 $11,784,000T+U+E131.0

RD 0755 9,700 970 $980,000 $5,336,000T131.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

RD 1601 13,680 10,950 $29,206,000 $14,088,000T+U+E+FG148.0

RD 1601 13,680 2,740 $4,798,000 $9,257,000T+U+Sn+E+FG148.0

RD 2060 Unit 1 25,650 17,950 $35,868,000 $10,548,000T+U+Sn151.1

RD 2060 Unit 1 25,650 7,690 $7,382,000 $5,065,000Sn151.1

RD 0150 Unit 2 41,280 16,510 $16,853,000 $5,390,000T306.0

RD 0150 Unit 2 41,280 20,640 $45,985,000 $11,765,000U+E+FG306.0

RD 0150 Unit 2 41,280 4,130 $30,092,000 $38,495,000U306.0

RD 0349 Unit 2 22,870 13,720 $13,267,000 $5,104,000T307.0

RD 0349 Unit 2 22,870 6,860 $22,442,000 $17,268,000T+U+Sn+E+FG307.0

RD 0349 Unit 2 22,870 2,290 $5,521,000 $12,745,000U+Sn307.0

RD 0501 Unit 2 18,810 3,760 $5,230,000 $7,339,000U+Sn308.0

RD 0501 Unit 2 18,810 7,530 $10,073,000 $7,067,000T308.0

RD 0501 Unit 2 18,810 7,530 $10,461,000 $7,339,000T+U+Sn+E+FG308.0

RD 2098 Unit 3 10,220 6,130 $5,080,000 $4,373,000Sn+E+FG312.0

RD 2098 Unit 2 9,980 7,980 $7,358,000 $4,865,000Sn313.0

RD 2098 Unit 2 9,980 2,000 $2,278,000 $6,024,000U+Sn+E+FG313.0

Brannan-Andrus LMD Unit 2 60,900 12,180 $8,724,000 $3,782,000T378.0

Brannan-Andrus LMD Unit 2 60,900 18,270 $13,086,000 $3,782,000Sn+E378.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Brannan-Andrus LMD Unit 2 60,900 6,090 $7,934,000 $6,879,000T378.0

RD 0341 Unit 2 33,120 33,120 $71,836,000 $11,453,000T+U+Sn+E+FG387.0

RD 0349 Unit 3 34,340 3,430 $6,815,000 $10,477,000U388.0

RD 0349 Unit 3 34,340 17,170 $51,129,000 $15,720,000U+Sn+E+FG388.0

North Fork Mokelumne River Right Bank 51,550 25,780 $66,535,000 $13,630,000U+E+FG1,043.0

North Fork Mokelumne River Right Bank 51,550 25,780 $73,068,000 $14,968,000T+U+Sn1,043.0

Subtotal for Categorization C 530,280 $1,118,615,000584,640 $11,138,000

Overall Segment Categorization: LD

RD 0150 Unit 1 2,760 2,760 $4,340,000 $8,296,000T+U+FG117.0

RD 0349 Unit 1 8,320 4,160 $3,563,000 $4,519,000T120.0

RD 0349 Unit 1 8,320 4,160 $7,824,000 $9,926,000T+U+FG120.0

RD 2060 Unit 1 11,040 1,100 $1,655,000 $7,914,000U151.2

RD 2098 Unit 1 500 500 $1,327,000 $14,008,000U+Sn+FG153.2

RD 2104 - west levee 18,550 9,280 $7,662,000 $4,361,000Sn+FG251.0

RD 2060 Unit 2 19,060 5,720 $5,288,000 $4,883,000Sn+FG315.0

Subtotal for Categorization LD 27,680 $31,658,00060,240 $6,038,000

Overall Segment Categorization: LD (A or B)

RD 2104 - Hass Slough 17,400 8,700 $6,893,000 $4,183,000Sn+FG155.0

Subtotal for Categorization LD (A or B) 8,700 $6,893,00017,400 $4,183,000

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Overall Segment Categorization: LD (B or C)

RD 0755 9,190 3,670 $8,684,000 $12,477,000T+U+E+FG132.0

RD 2098 Unit 1 16,800 6,720 $7,718,000 $6,065,000Sn+E+FG153.1

Snodgrass Slough Right Bank Levee 31,200 6,240 $16,881,000 $14,284,000U+FG1,041.0

Snodgrass Slough Right Bank Levee 31,200 9,360 $35,481,000 $20,015,000U+Sn+FG1,041.0

Snodgrass Slough Right Bank Levee 31,200 9,360 $23,642,000 $13,336,000U1,041.0

Subtotal for Categorization LD (B or C) 35,350 $92,405,00057,180 $13,801,000

Subtotal for GAR Study Area 5 970,990 $1,885,614,000 $10,254,0001,320,240

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 1

Erosion Catergory: B

Chico-Mud Unit 1a 23,770 $4,578,000 $3,390,00045.1 7,130

Chico-Mud Unit 3c 5,320 $3,985,000 $3,955,00048.2 5,320

LD 3-Glenn, Sacramento River (Glenn Co) 63,230 $17,304,000 $7,225,00068 12,650

Maintenance Area No. 05 - Unit 1 42,050 $11,968,000 $7,514,000103 8,410

Maintenance Area No. 05 - Unit 2c 42,280 $22,617,000 $5,650,000104 21,140

Sacramento River East Levee Unit 1d 37,510 $13,345,000 $7,514,000161 9,380

Maintenance Area No. 05 - Unit 2b 12,220 $7,381,000 $12,751,000263.1 3,060

Maintenance Area No. 05 - Unit 1 25,150 $38,543,000 $8,092,000381.1 25,150

Maintenance Area No. 13 - Unit 2e 22,920 $2,739,000 $6,309,000383.2 2,290

Erosion Category B $122,460,00094,520274,450 $6,841,000

Erosion Catergory: C

Sacramento River East Levee Unit 1b, and Unit 1c 50,080 $32,893,000 $6,936,000160 25,040

Sacramento River East Levee Unit 3, Colusa Weir 12,110 $9,941,000 $8,670,000291 6,050

Erosion Category C $42,833,00031,09062,190 $7,273,000

Total for GAR Study Area: 1 125,620 $165,294,000 $6,948,000336,640

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 2

Erosion Catergory: B

Elder Creek Unit 4b - Tehama County 4,930 $2,110,000 $4,520,00057 2,460

Elder Creek Unit 4a - Tehama County 15,930 $10,907,000 $4,520,00058 12,740

Elder Creek Unit 5 - Tehama County 20,360 $7,626,000 $3,955,00059 10,180

LD 1-Glenn, Sacramento River 64,720 $17,313,000 $5,650,00065 16,180

RD 0070 Unit 2 81,840 $73,333,000 $9,462,000115 40,920

RD 0108 (Colusa Co, and Yolo Co) 107,480 $59,589,000 $9,757,000116 32,240

RD 0787 23,480 $31,553,000 $11,827,000137 14,090

RD 1500 Unit 1 174,960 $143,638,000 $8,670,000146 87,480

RD 1660 Unit 1 15,270 $7,522,000 $8,670,000149 4,580

Sacramento River West Side Levee District 139,270 $112,310,000 $10,644,000158 55,710

Sacramento River West Side Levee District 28,120 $31,490,000 $11,827,000287 14,060

Sacramento River West Side Levee District 93,200 $93,951,000 $10,644,000288 46,600

RD 1500 Unit 2 109,500 $147,161,000 $11,827,000294 65,700

Maintenance Area No. 01 45,880 $18,832,000 $8,670,000380 11,470

Erosion Category B $757,334,000414,420924,940 $9,649,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 2

Erosion Catergory: C

Deer Creek Unit 1b 16,320 $8,385,000 $4,520,00054 9,800

Deer Creek Unit 2 7,640 $2,451,000 $3,390,00055 3,820

Deer Creek Unit 1a 5,300 $1,663,000 $2,761,00056 3,180

Erosion Category C $12,499,00016,79029,260 $3,930,000

Total for GAR Study Area: 2 431,210 $769,833,000 $9,426,000954,200

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 3

Erosion Catergory: B

Maintenance Area No. 03 11,600 $12,992,000 $11,827,000101 5,800

RD 0784 Unit 3b 7,390 $2,649,000 $9,462,000135 1,480

RD 0817 Unit 1 20,160 $6,621,000 $6,936,000138 5,040

RD 1001 Unit 2 19,240 $2,737,000 $7,514,000145 1,920

Sutter Bypass - East Levee - south 72,900 $48,989,000 $11,827,000164 21,870

Wadsworth Canal Unit 1 11,600 $11,171,000 $5,085,000167 11,600

Wadsworth Canal Unit 2 24,300 $54,432,000 $11,827,000168 24,300

RD 0784 Unit 5b 22,180 $11,922,000 $9,462,000392 6,650

Erosion Category B $151,513,00078,660189,360 $10,170,000

Erosion Catergory: C

RD 2103 Unit 1b 17,950 $5,186,000 $5,085,000154 5,380

RD 1001 Unit 3, and Unit 3a 49,630 $28,252,000 $7,514,000246 19,850

RD 1001 Unit 4 70,220 $78,651,000 $11,827,000247 35,110

RD 1001 Unit 3b 16,630 $18,628,000 $11,827,000283 8,320

RD 1001 Unit 5 28,510 $63,867,000 $11,827,000284 28,510

Erosion Category C $194,583,00097,180182,950 $10,572,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 3

Erosion Catergory: LD

Sutter Bypass - East Levee - north 22,700 $12,712,000 $11,827,000163 5,680

Erosion Category LD $12,712,0005,68022,700 $11,827,000

Total for GAR Study Area: 3 181,520 $358,808,000 $10,437,000395,010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 4

Erosion Catergory: B

Middle Creek - Unit 1a 5,680 $2,228,000 $2,761,00078 4,260

RD 0785 Unit 1 11,610 $11,703,000 $10,644,000136 5,800

RD 0827 Unit 1 7,390 $9,270,000 $9,462,000139 5,170

Sacramento Bypass Unit 1 - north bank 3,050 $2,733,000 $11,827,000156.2 1,220

Service Area 6 - Yolo County 30,530 $15,041,000 $8,670,000162 9,160

Yolo Bypass East Levee 10,560 $23,654,000 $11,827,000171 10,560

Yolo Bypass West Levee Unit 1 13,800 $9,277,000 $11,827,000172 4,140

Yolo Bypass West Levee Unit 2 7,960 $16,053,000 $10,644,000173 7,960

Yolo Bypass West Levee Unit 3 7,530 $15,178,000 $10,644,000174 7,530

Knights Landing Ridge Cut - Unit 1 35,060 $28,785,000 $8,670,000216 17,530

RD 0827 Unit 2 14,780 $33,116,000 $11,827,000241 14,780

RD 1600 Unit 2 22,180 $49,674,000 $11,827,000295 22,180

Erosion Category B $216,713,000110,300170,140 $10,374,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 4

Erosion Catergory: C

Cache Creek - Yolo County Unit 1b 61,700 $94,557,000 $8,092,00041 61,700

Middle Creek - Unit 1e 13,260 $14,189,000 $5,650,00081.2 13,260

RD 0537 Unit 1 - northh of Sac Bypass 19,500 $15,725,000 $10,644,000124 7,800

RD 1600 Unit 1 54,910 $98,399,000 $9,462,000147 54,910

RD 2035 Unit 2 - Yolo Bypass 16,400 $31,226,000 $10,053,000150 16,400

Knights Landing Ridge Cut - Unit 2 34,870 $34,352,000 $8,670,000217 20,920

RD 2035 Unit 3 - Willow Bypass 12,920 $18,393,000 $7,514,000297 12,920

RD 0785 Unit 2 17,420 $39,030,000 $11,827,000393 17,420

Erosion Category C $345,871,000205,340230,990 $8,893,000

Total for GAR Study Area: 4 315,640 $562,583,000 $9,411,000401,130

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 5

Erosion Catergory: B

Maintenance Area No. 09 46,690 $35,559,000 $10,053,000106 18,680

RD 0003 Unit 1 22,840 $9,209,000 $10,644,000113.1 4,570

RD 0003 Unit 1 37,300 $16,710,000 $11,827,000113.2 7,460

RD 0341 Unit 1 17,500 $13,410,000 $8,092,000119 8,750

RD 0501 Unit 1 15,250 $6,830,000 $11,827,000122 3,050

RD 0551 35,830 $7,224,000 $10,644,000126 3,580

RD 0556 Unit 1 28,940 $35,476,000 $8,092,000129 23,150

RD 0755 9,700 $5,541,000 $10,053,000131 2,910

RD 0755 9,190 $3,704,000 $10,644,000132 1,840

RD 1601 13,680 $24,520,000 $11,827,000148 10,950

RD 1601 13,680 $4,904,000 $9,462,000148 2,740

RD 2060 Unit 1 25,650 $45,961,000 $9,462,000151.1 25,650

RD 2068 Unit 1 29,210 $17,908,000 $8,092,000152 11,690

RD 2098 Unit 1 16,800 $18,812,000 $11,827,000153.1 8,400

RD 0999 Unit 5 49,960 $38,052,000 $10,053,000244 19,990

RD 0999 Unit 4 6,510 $3,717,000 $10,053,000303 1,950

RD 0999 Unit 2 12,060 $2,702,000 $11,827,000304 1,210

RD 0999 Unit 3 19,770 $15,058,000 $10,053,000305 7,910

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 5

RD 0150 Unit 2 41,280 $23,576,000 $10,053,000306 12,380

RD 0349 Unit 2 22,870 $9,222,000 $10,644,000307 4,570

RD 0501 Unit 2 18,810 $12,643,000 $11,827,000308 5,640

RD 0501 Unit 3 40,670 $45,548,000 $11,827,000309 20,330

RD 2098 Unit 3 10,220 $9,159,000 $9,462,000312 5,110

RD 2098 Unit 2 9,980 $5,701,000 $10,053,000313 2,990

RD 2060 Unit 3a 23,320 $33,855,000 $12,773,000314 13,990

RD 0150 Unit 3 49,610 $50,009,000 $10,644,000386 24,810

RD 0349 Unit 3 34,340 $23,080,000 $11,827,000388 10,300

RD 0556 Unit 2 30,260 $12,200,000 $10,644,000390 6,050

Erosion Category B $530,293,000270,650691,930 $10,345,000

Erosion Catergory: C

RD 0307 34,590 $19,757,000 $10,053,000118 10,380

RD 0563 64,110 $98,252,000 $8,092,000130 64,110

Brannan-Andrus LMD Unit 2 60,900 $18,693,000 $8,104,000378 12,180

RD 0341 Unit 2 33,120 $66,764,000 $10,644,000387 33,120

Erosion Category C $203,466,000119,780192,710 $8,969,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 5

Erosion Catergory: LD

North Fork Mokelumne River Right Bank 51,550 $57,736,000 $11,827,0001043 25,780

Erosion Category LD $57,736,00025,78051,550 $11,827,000

Total for GAR Study Area: 5 416,210 $791,494,000 $10,041,000936,200

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 1

Land

Cost ($)

Chico-Mud Unit 3a 14,380 $3,020,000 $937,000 $3,983,000$1,109,000 $26,00047

Chico-Mud Unit 3c 9,880 $1,993,000 $619,000 $2,630,000$1,065,000 $18,00048

LD 3-Glenn, Sacramento River (Glenn Co) 9,480 $3,105,000 $969,000 $4,119,000$1,729,000 $45,00068

Maintenance Area No. 05 - Unit 1 29,440 $7,136,000 $2,212,000 $9,402,000$1,280,000 $54,000103

Maintenance Area No. 05 - Unit 2c 30,020 $8,108,000 $2,518,000 $10,700,000$1,426,000 $74,000104

Maintenance Area No. 13 - Unit 1a 18,160 $4,499,000 $1,484,000 $6,308,000$1,308,000 $325,000108

Maintenance Area No. 13 - Unit 2a 19,050 $4,505,000 $1,424,000 $6,054,000$1,249,000 $124,000109

Sacramento River East Levee Unit 1b, and Unit 1c 12,520 $3,349,000 $1,043,000 $4,434,000$1,412,000 $41,000160

Sacramento River East Levee Unit 1d 13,130 $2,931,000 $916,000 $3,893,000$1,179,000 $46,000161

Maintenance Area No. 05 - Unit 2b 20,780 $10,061,000 $3,276,000 $13,924,000$2,556,000 $587,000263

Maintenance Area No. 13 - Unit 2c 6,700 $1,374,000 $430,000 $1,829,000$1,083,000 $25,000271

Maintenance Area No. 13 - Unit 1c 25,290 $6,211,000 $1,925,000 $8,183,000$1,297,000 $46,000272

Maintenance Area No. 05 - Unit 2a 720 $185,000 $60,000 $255,000$1,355,000 $10,000274

Sacramento River East Levee Unit 4, Moulton Wei 730 $227,000 $92,000 $393,000$1,639,000 $73,000290

Sacramento River East Levee Unit 3, Colusa Weir 2,420 $503,000 $156,000 $664,000$1,097,000 $4,000291

Sacramento River East Levee Unit 2, Colusa Weir 1,730 $397,000 $123,000 $524,000$1,209,000 $3,000292

Chico-Mud Unit 2b 20,300 $5,003,000 $1,658,000 $7,046,000$1,301,000 $384,000379

Maintenance Area No. 05 - Unit 1 26,940 $8,323,000 $2,688,000 $11,422,000$1,631,000 $412,000381

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 1

Land

Cost ($)

Maintenance Area No. 13 - Unit 2e 8,020 $1,867,000 $585,000 $2,488,000$1,229,000 $36,000383

Segment 1027 3,560 $774,000 $244,000 $1,038,000$1,149,000 $20,0001027

Subtotals by Area $99,288,000$23,362,000$2,355,000$1,422,000$73,571,000273,260GAR Study Area: 1

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 2

Land

Cost ($)

Deer Creek Unit 1b 16,320 $3,438,000 $1,074,000 $4,562,000$1,112,000 $51,00054

Deer Creek Unit 2 5,500 $1,159,000 $362,000 $1,539,000$1,113,000 $18,00055

Deer Creek Unit 1a 3,980 $693,000 $217,000 $922,000$921,000 $12,00056

Elder Creek Unit 4b - Tehama County 3,990 $838,000 $260,000 $1,106,000$1,108,000 $7,00057

Elder Creek Unit 5 - Tehama County 14,460 $2,810,000 $882,000 $3,750,000$1,026,000 $58,00059

LD 1-Glenn, Sacramento River 32,360 $7,249,000 $2,279,000 $9,688,000$1,183,000 $159,00065

LD 2-Glenn, Sacramento River 1,300 $292,000 $91,000 $389,000$1,188,000 $6,00067

RD 0070 Unit 2 4,090 $989,000 $316,000 $1,342,000$1,276,000 $37,000115

RD 0108 (Colusa Co, and Yolo Co) 37,620 $10,525,000 $3,260,000 $13,853,000$1,477,000 $69,000116

RD 0787 8,450 $2,039,000 $632,000 $2,686,000$1,274,000 $16,000137

RD 1500 Unit 1 34,990 $8,427,000 $2,673,000 $11,361,000$1,272,000 $260,000146

RD 1660 Unit 1 1,530 $373,000 $118,000 $502,000$1,289,000 $11,000149

Sacramento River West Side Levee District 69,640 $25,707,000 $8,038,000 $34,163,000$1,949,000 $418,000158

Tisdale Bypass Unit 1 - north bank 16,570 $4,421,000 $1,379,000 $5,861,000$1,409,000 $61,000165

Tisdale Bypass Unit 2 - south bank 21,040 $5,736,000 $1,785,000 $7,587,000$1,439,000 $66,000166

RD 1660 Unit 2 48,160 $11,752,000 $3,702,000 $15,732,000$1,288,000 $279,000248

Sacramento River West Side Levee District 4,660 $1,042,000 $332,000 $1,411,000$1,180,000 $37,000288

RD 0070 Unit 1 22,990 $6,761,000 $2,147,000 $9,126,000$1,553,000 $217,000293

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 2

Land

Cost ($)

RD 1500 Unit 2 109,500 $28,586,000 $8,901,000 $37,829,000$1,378,000 $342,000294

Maintenance Area No. 01 4,590 $1,029,000 $322,000 $1,367,000$1,185,000 $16,000380

Subtotals by Area $164,775,000$38,771,000$2,138,000$1,416,000$123,866,000461,730GAR Study Area: 2

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 3

Land

Cost ($)

Marysville Unit 3 (NE extension) 10,070 $2,874,000 $920,000 $3,912,000$1,506,000 $117,00052

Honcut Creek Area - Eastern 6,190 $2,876,000 $888,000 $3,775,000$2,452,000 $11,00062

RD 0010 Unit 1 30,300 $7,663,000 $2,516,000 $10,693,000$1,335,000 $514,000114

RD 0784 Unit 3b 5,770 $1,589,000 $494,000 $2,101,000$1,455,000 $18,000135

RD 0817 Unit 1 2,620 $407,000 $125,000 $532,000$820,000 $0138

RD 1001 Unit 1 2,660 $531,000 $168,000 $713,000$1,053,000 $15,000144

RD 1001 Unit 2 2,690 $732,000 $230,000 $976,000$1,436,000 $14,000145

RD 2103 Unit 1b 2,150 $297,000 $95,000 $403,000$727,000 $12,000154

Sutter Bypass - East Levee - north 5,680 $1,497,000 $464,000 $1,972,000$1,393,000 $10,000163

Sutter Bypass - East Levee - south 36,450 $9,429,000 $2,922,000 $12,418,000$1,366,000 $67,000164

Wadsworth Canal Unit 1 11,600 $3,047,000 $944,000 $4,013,000$1,387,000 $21,000167

Wadsworth Canal Unit 2 8,500 $2,458,000 $765,000 $3,249,000$1,526,000 $27,000168

RD 1001 Unit 3, and Unit 3a 43,180 $12,259,000 $3,843,000 $16,332,000$1,499,000 $230,000246

RD 0010 Unit 3 2,230 $646,000 $203,000 $861,000$1,532,000 $12,000275

RD 1001 Unit 3b 1,830 $524,000 $164,000 $699,000$1,513,000 $10,000283

RD 0010 Unit 2 15,010 $3,627,000 $1,152,000 $4,896,000$1,276,000 $117,000385

Subtotals by Area $67,545,000$15,893,000$1,195,000$1,425,000$50,457,000186,940GAR Study Area: 3

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 4

Land

Cost ($)

Cache Creek - Yolo County Unit 1b 39,490 $9,953,000 $3,152,000 $13,394,000$1,331,000 $290,00041

Middle Creek - Unit 2a 2,010 $770,000 $255,000 $1,083,000$2,018,000 $59,00077

Middle Creek - Unit 1a 5,680 $1,928,000 $597,000 $2,539,000$1,792,000 $14,00078

Middle Creek - Unit 3 - Scotts Creek 12,940 $5,261,000 $1,632,000 $6,937,000$2,147,000 $44,00080

Middle Creek - Unit 1e 17,080 $6,209,000 $1,953,000 $8,300,000$1,919,000 $139,00081

Putah Creek Unit 2 - south bank 20,920 $7,004,000 $2,168,000 $9,214,000$1,767,000 $42,000112

RD 0827 Unit 1 520 $144,000 $46,000 $194,000$1,467,000 $5,000139

RD 1600 Unit 1 10,430 $3,006,000 $947,000 $4,026,000$1,521,000 $73,000147

RD 2035 Unit 2 - Yolo Bypass 16,400 $3,714,000 $1,152,000 $4,897,000$1,196,000 $30,000150

Service Area 6 - Yolo County 9,160 $2,590,000 $816,000 $3,467,000$1,493,000 $61,000162

Willow Slough Bypass Unit 1 - north bank 10,660 $3,987,000 $1,279,000 $5,438,000$1,975,000 $171,000169

Yolo Bypass East Levee 8,980 $2,745,000 $850,000 $3,611,000$1,615,000 $16,000171

Yolo Bypass West Levee Unit 1 13,800 $3,864,000 $1,197,000 $5,086,000$1,478,000 $25,000172

Yolo Bypass West Levee Unit 2 3,980 $1,120,000 $347,000 $1,474,000$1,485,000 $7,000173

Knights Landing Ridge Cut - Unit 1 14,020 $3,560,000 $1,110,000 $4,719,000$1,340,000 $49,000216

Knights Landing Ridge Cut - Unit 2 10,460 $2,172,000 $683,000 $2,902,000$1,096,000 $47,000217

Middle Creek - Unit 4 Alley Creek-Channel 6,190 $2,106,000 $653,000 $2,777,000$1,798,000 $17,000237

RD 0827 Unit 2 14,780 $5,178,000 $1,602,000 $6,807,000$1,849,000 $27,000241

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 4

Land

Cost ($)

Middle Creek - Unit 5 Alley Creek-Channel 5,390 $2,100,000 $649,000 $2,760,000$2,057,000 $10,000267

Middle Creek - Unit 3b Scotts Creek 6,450 $1,444,000 $454,000 $1,932,000$1,182,000 $33,000268

RD 1600 Unit 2 22,180 $6,245,000 $1,947,000 $8,274,000$1,487,000 $81,000295

RD 0785 Unit 2 17,420 $5,160,000 $1,598,000 $6,789,000$1,564,000 $32,000393

Segment 1030 3,750 $1,168,000 $475,000 $2,019,000$1,645,000 $376,0001030

Segment 1031 10,250 $4,193,000 $1,824,000 $7,753,000$2,160,000 $1,735,0001031

Subtotals by Area $116,390,000$27,386,000$3,384,000$1,598,000$85,620,000282,960GAR Study Area: 4

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 5

Land

Cost ($)

Brannan-Andrus LMD Unit 1 28,620 $9,481,000 $3,040,000 $12,921,000$1,749,000 $399,00040

Maintenance Area No. 09 11,670 $3,112,000 $1,035,000 $4,399,000$1,408,000 $252,000106

RD 0150 Unit 1 2,210 $492,000 $155,000 $659,000$1,175,000 $12,000117

RD 0307 12,110 $3,435,000 $1,188,000 $5,051,000$1,498,000 $427,000118

RD 0341 Unit 1 4,380 $1,301,000 $417,000 $1,772,000$1,570,000 $55,000119

RD 0349 Unit 1 1,660 $415,000 $132,000 $560,000$1,317,000 $13,000120

RD 0536 Unit 1 6,840 $1,530,000 $475,000 $2,017,000$1,181,000 $13,000123

RD 0556 Unit 1 20,260 $5,802,000 $1,840,000 $7,820,000$1,512,000 $179,000129

RD 0563 25,640 $5,949,000 $1,891,000 $8,038,000$1,225,000 $198,000130

RD 0999 Unit 1 77,400 $28,438,000 $8,794,000 $37,375,000$1,940,000 $142,000142

RD 1601 9,580 $3,097,000 $966,000 $4,105,000$1,707,000 $42,000148

RD 2068 Unit 1 29,210 $7,358,000 $2,316,000 $9,843,000$1,330,000 $169,000152

RD 2098 Unit 1 17,300 $5,014,000 $1,600,000 $6,801,000$1,531,000 $188,000153

RD 2104 - Hass Slough 17,400 $5,568,000 $1,723,000 $7,322,000$1,689,000 $32,000155

RD 0999 Unit 5 500 $113,000 $35,000 $149,000$1,196,000 $1,000244

RD 2098 Unit 4 13,230 $2,252,000 $700,000 $2,977,000$899,000 $24,000249

RD 2104 - west levee 7,420 $1,301,000 $411,000 $1,746,000$926,000 $33,000251

RD 0999 Unit 2 360 $107,000 $39,000 $166,000$1,566,000 $20,000304

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 5

Land

Cost ($)

RD 0999 Unit 3 990 $246,000 $77,000 $327,000$1,312,000 $4,000305

RD 0150 Unit 2 10,320 $2,654,000 $882,000 $3,751,000$1,358,000 $214,000306

RD 0349 Unit 2 3,430 $871,000 $284,000 $1,206,000$1,340,000 $51,000307

RD 0501 Unit 2 15,990 $3,758,000 $1,210,000 $5,143,000$1,241,000 $175,000308

RD 0501 Unit 3 2,030 $475,000 $152,000 $645,000$1,232,000 $19,000309

RD 0501 Unit 4 600 $142,000 $46,000 $194,000$1,244,000 $7,000310

RD 2068 Unit 2 10,410 $2,679,000 $847,000 $3,599,000$1,359,000 $73,000311

RD 2098 Unit 3 1,020 $214,000 $66,000 $283,000$1,107,000 $2,000312

RD 2098 Unit 2 2,990 $705,000 $218,000 $928,000$1,242,000 $5,000313

RD 2060 Unit 3a 16,330 $4,959,000 $1,535,000 $6,525,000$1,604,000 $30,000314

RD 2060 Unit 2 8,580 $1,985,000 $630,000 $2,676,000$1,222,000 $61,000315

RD 0536 Unit 2 23,740 $5,676,000 $1,760,000 $7,479,000$1,262,000 $44,000316

RD 0150 Unit 3 32,250 $7,900,000 $2,530,000 $10,753,000$1,294,000 $323,000386

RD 0341 Unit 2 9,940 $2,818,000 $885,000 $3,760,000$1,497,000 $57,000387

RD 0349 Unit 3 5,150 $1,130,000 $363,000 $1,542,000$1,158,000 $49,000388

Segment 1036 20,490 $12,750,000 $3,967,000 $16,861,000$3,286,000 $143,0001036

Segment 1040 4,740 $692,000 $225,000 $955,000$770,000 $38,0001040

Snodgrass Slough Right Bank Levee 15,600 $2,766,000 $884,000 $3,758,000$936,000 $107,0001041

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 5

Land

Cost ($)

North Fork Mokelumne River Right Bank 48,970 $11,273,000 $3,556,000 $15,112,000$1,215,000 $283,0001043

Subtotals by Area $199,219,000$46,875,000$3,886,000$1,509,000$148,458,000519,360GAR Study Area: 5

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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Figure 1 Proposed Land Acquisition Approach 

Figure 2 Typical Remediation Details 

Figure 3 Rock Slope Protection 

Figure 4 Freeboard and Geometry Repair 

Figure 5 Remediation Selection Form 

 
 











DWR Non Urban Levee Evaluations (NULE) Program
Selection of Remediation Alternatives for NULE RACER

Segment Identification and Location LAT Data Summary from Draft GAR, Dated June 2010
Segment ID: Deficiency Extent Comments Evaluated By:
Reach No.: (% of Total Length) Area Lead: 
Total Length: (feet)      Date:
Name: Prepared By:
Agency:      Date:
Unit:
Levee Mile:
NULE Stationing:

Select Alternative Parameters for Estimating - Seepage and Stability

Length
Existing 
ROW

See 
Note 1

Crest 
Width Comments

Deficiency From To (Feet) Width "H" "H1" "H" "Wb" "H" "H1" "Wb" "%" "W" "H" "D" "H" "D" "Orch" "Agr" "Res" "Com"

Note 1: Provide the estimated % of levee degrade material that could be reused for levee reconstruction for either the conventional backhoe option or the DSM wall option.

Select Alternative Parameters for Estimating - Rock Slope Protection and Geometry Repairs

Length Comments

Deficiency From To (Feet) Width
Slope 
Length "H" "h1" "Crest" "H" "Orch" "Agr" "Res" "Com"

FIGURE 5

ROW Land Use (%)

Drained 
StabilityBerm Combination Berm

Erosion
Through Seepage
Stability

Rock Slope
Protection

Replacement
Levee

ROW Land Use (%)

Remediation Alternatives Selected

Located Between Seepage Berm

Slurry Wall (Pick Only One)
Conventional 

Backhoe DSM Wall

Potential Failure

Located Between
Existing 
ROW

Geometry
Repair

Categorization

Underseepage
Mode

Right Bank Sta  to Sta
LM to LM 
Unit 
RD
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NULE RACER Page 1 
Estimating Assumptions  

Assumptions and Discussion 
1. Cost estimate will include project and non-project levees within the Non-Urban Levee Evaluation 

(NULE) project scope for which information is available in the Draft Geotechnical Assessment 
Report (GAR). 

2. Remediation estimates will be prepared for levee segments with composite classifications of “B,” 
“C,” or “LD.” Estimates currently include levee segments with an “LD” classification that could 
become an “A” classification based upon additional information obtained in the future. 

3. Construction cost estimates will be escalated at 3% to October 2011 based upon information 
received in the Central Valley Flood Management Plan (CVFMP)-Urban Levee Evaluation 
(ULE)/NULE coordination meeting held on July 7, 2010.  The 3% value is conservative over the 
near future given the current economic climate. 

4. The NULE Remedial Alternative Cost Estimate Report (RACER) cost estimate to be provided to 
the Department of Water Resources (DWR), will include the cost estimate spreadsheet and several 
pages of text describing the work approach, key assumptions, and limitations. Costs will be 
provided by segment and for the overall project. A summary sheet will list the cost for alternatives 
considered for remediation of a deficiency where alternatives are feasible. The actual format for 
the spreadsheet will be developed as the work progresses through the Technical Approach Team 
meeting process. 

5. Because of the limited information available to evaluate levees for the GAR, the cost estimate will 
be an order-of-magnitude cost estimate comparable to a Class 4 estimate as defined by the 
American Association for the Advancement of Cost Estimating, which can vary in accuracy from 
-30% on the low side to from +20% to +50-percent on the high side.  

6. Preparation of estimates for the CVFMP process may require the addition of other remediation 
measures to the cost estimating tool. These will be added at a later date in a manner mutually 
agreed between DWR and URS. Adding remediation alternatives should not affect the NULE 
RACER cost estimate.  

7. A small percentage (approximately 6%) of levee mileage was not covered in the levee assessment 
tool (LAT)/GAR process due to complete lack of information, lack of authorized access, etc. The 
cost to remediate this mileage will be estimated as a percentage of the cost to remediate similar 
mileage where information is available. As a starting point, the percentage will be based upon the 
ratio of the mileage not evaluated to the total mileage in the program. 

8. Cost estimates for remediation alternatives will include: 
• Direct construction costs 
• Contingencies (30% of construction cost) 
• Design, Engineering costs (15% of construction cost)  
• CM (15% of construction cost) 
• Permitting/Legal (5% of construction cost) (See Items 16 and 17 also) 
• Environmental mitigation (25% or 35% of construction cost) (see Item 32 also) 
• Escalation (3% per year) 

9. The cost estimating tool is currently limited to eight remediation types: drained stability berm; 
seepage berm; combination seepage-stability berm; conventional slurry wall to maximum depth of 
70 feet below working surface; deep soil mixing (DSM) wall for wall more than 70 feet deep 
measured below the working surface; erosion repair; and levee replacement in place; and 
freeboard/geometry.  
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NULE RACER Page 2 
Estimating Assumptions  

Assumptions and Discussion 
10. The only remediation being considered for waterside erosion is the placement of rock slope 

protection in deficient reaches. The length of slope repair on slope will be six times the landside 
levee height.  The following costs per foot have been prepared for four levee heights: 
 

Levee Height     Slope Length      $ Per Foot 
     5 feet                  30 feet             $523 
   10 feet                  60 feet          $1,070 
   15 feet                  90 feet          $1,642 
   20 feet                 120 feet         $2,240 
 

The estimating tool will interpolate the cost per foot from the above values based on the actual 
levee height where remediation is required.  
 
The lengths of levee to be remediated as specified in the Draft GAR are large and may result in a 
significant remediation cost compared to other deficiencies.  As suggested by DWR, the cost 
memorandum will include a cost to repair all lengths specified in the Draft GAR and a cost to 
repair a lesser length ( 20% of the length specified in the Draft GAR).  The latter cost assumes that 
other areas requiring remediation would be repaired as part of an ongoing maintenance program. 

11. For any remediation requiring additional land acquisition, existing right-of-way (ROW) would be 
estimated from existing readily available data (assessor’s maps, owner contact, fence lines on 
aerials, etc.). In the absence of such data, existing ROW width will be assumed to be zero. For the 
cost estimates provided in the cost memorandum, all estimates assume that no existing easement 
exists due to the general lack of easement data (see cost memorandum Figure 1 for easement 
requirements for estimating). 

12. For any berm-type remediation requiring land acquisition, 20 feet of addition permanent ROW 
will be acquired along the landside toe of the remediation to satisfy planned Central Valley Flood 
Protection Board (CVFPB) easement requirements (see cost memorandum Figure 1). 

13. For any berm remediation requiring additional land acquisition, 5 feet of additional temporary 
easement will be obtained such that the 5-foot temporary easement plus the adjacent 20-foot 
permanent easement for CVFPB will provide a construction easement of 25 feet along the 
landside toe of the remediation (see cost memorandum Figure 1). 

14. For slurry wall or DSM remediations, the 20-foot CVFPB permanent easement (less any existing 
easement) and 5-foot temporary easement will also be obtained along the landside toe of the levee 
(see cost memorandum Figure 1). 

15. No allowance will be included in the estimate for temporary or permanent property acquisition for 
levee segments with an “A” classification (unless freeboard/geometry repair is needed) or for 
reaches within a levee segment where no remediation measures are required based upon the LAT 
and GAR. 

16. Costs for four land use categories are covered in the estimating tool: orchard, agricultural, 
industrial, and residential. Where remediations are required and land acquisition is needed, the 
percentage of each use category will be estimated from aerial photographs or other readily 
available information and a composite cost for temporary/permanent land acquisition based on the 
percentages will be used.  The basic land costs currently being used in the cost estimating tool are: 
 

Agricultural   $10,000 per acre 
Orchard   $30,000 per acre 
Industrial $150,000 per acre 
Residential $300,000 per acre 
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Estimating Assumptions  

Assumptions and Discussion 
17. The temporary/permanent property acquisition costs described above address the cost of procuring 

the land. In addition, a 5% allowance for legal costs for land acquisition will also be included. The 
percentage will be multiplied by the total direct construction cost to obtain the legal cost 
percentage. Legal costs could be more expensive than the land acquisition cost depending upon 
the amount of land acquired.  

18. Wherever available, the United States Army Corps of Engineers (USACE) 55/57 water surface 
profiles are the design water surfaces for levee remediation evaluations.  Where 55/57 water 
surface information is not available, the design water surface is set at the existing crest level less 3 
feet, or at the 100-year water surface elevation, where appropriate. 

19. Remediation of levee geometry deficiencies is based upon the levee configuration described in the 
1953 Memorandum of Understanding between the USACE (USA) and State of California. In 
summary these configurations are: 3:1 waterside slopes for all levees, 20-foot- or 12-foot-wide 
crest depending upon location, 2.5:1 landside slopes for bypass levees, and 2:1 landside slopes for 
other levees.  

20. Selection of remediation alternatives and extent of remediation required will be based upon 
information in the LAT and GAR wherever possible. Simplifying assumptions would be made 
where information is not available (see seepage berm and slurry wall items below as an example). 
Where specific lengths for required remediation alternatives are not provided in the LAT and 
GAR documentation, or cannot be readily determined, the percentage of total segment length 
requiring remediation as noted in the GAR will be used. 

21. The estimate assumes the use of hydroseeding to revegetate new slopes or restore other areas 
disturbed during construction. The cost for plantings, irrigation systems, fencing, etc., installed as 
part of the emergency levee repair program will not be reflected in the NULE RACER estimate. 

22. For estimating purposes, all slurry walls and DSM walls are assumed to be 36 inches wide 
regardless of depth. 

23. Levee degrade for slurry wall and DSM wall construction is assumed to be 50% of the height of 
the levee measured on the landside, and the 50% degrade is assumed to provide suitable working 
width for equipment. For low height levees (generally 5 feet high or less) that require a cutoff 
wall, the levee section would be removed to existing grade measured on the landside.  

24. Imported or on-site material used to reconstruct levees within the levee prism or to construct 
drained stability berms is assumed to meet current USACE criteria for select levee fill. Material 
used to construct seepage berms (other than drain layers) can be any suitable material. 

25. NULE south will use different borrow rates from NULE north because suitable sandy material for 
berm construction may be more readily available close to project sites. Unit rates for borrow for 
both areas will be included in the cost estimating tool. 
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Estimating Assumptions  

Assumptions and Discussion 
26. There may be areas where the length of seepage berm or depth of slurry wall cannot be 

determined based upon available information. In this case, an approximation method is used to 
select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width are based upon landside height of levee and are as 
follows: 
 
No Geotechnical Data Available: 

Select H = Levee height measured from landside toe 
Depth of wall measured from foundation level is 20 feet minimum or 3*H, whichever is 
larger. 
Round result to the nearest higher foot and add H/2 to extend to degrade level and get total 
wall depth for estimating. 

Geotechnical Data Available: 
Select H = Levee height measured from landside toe 
 If aquaclude >70 feet and H<= 23 feet  then stop wall at 70 feet 

Assume 70 feet is measured from degrade level. 
(This assumes going to the maximum wall depth for conventional wall construction)  

 If aquaclude >70 feet and H>23 feet then go to aquaclude + 6 feet toe-in 
Add H/2 to extend to degrade level and get total DSM wall depth for estimating 

27. The cost estimate will not include any allowance for ongoing operation and maintenance costs of 
facilities after remediations are constructed. 

28. The cost to make animal burrow repairs will not be included in the cost estimate. However, the 
documentation for the cost memorandum will include an estimate of the average cost per mile to 
repair such damage based upon DWR experience. DWR will provide the cost to URS for 
incorporation in the report. Areas where heavy rodent damage was noted are documented in the 
LAT and GAR. 

29. For estimating purposes, seepage berms and combined seepage-stability berms include acquiring a 
20-foot-wide strip of land along the full length of the landside toe of berm for a CVFPB easement.  
An additional 5-foot-wide strip of land will be acquired as a temporary easement so that the 
temporary and CVFPB easements together provide a 25-foot-wide easement for construction.  

30. For estimating purposes, all levee sections degraded to construct slurry walls will include a new 
crest road with 6 inches of aggregate base (AB). AB section will be placed above the levee crest 
elevation required for freeboard.  Where paved public roads are known to exist on the crest of a 
levee, an allowance will be included for repaving. 

31. For estimating purposes, levee sections where landside berms are constructed or erosion 
protection is placed will have up to 4 inches of AB added to the crest to supplement existing 
surfacing to address possible deterioration of the existing crest road due to construction activities. 

32. A low environmental mitigation cost factor and a high environmental mitigation cost factor will 
be used.  The low factor will be 25% and the high factor will be 35 percent.  These factors will be 
multiplied by the direct construction cost for a remediation to estimate the environmental 
mitigation cost.  All cost estimates will begin at 25 percent.  A biologist will review available data 
for a levee region (such as state environmental databases, County General Plans, etc.) and 
determine those requiring the higher percentage based upon the possible presence of wetlands, 
wetland indicator species, or threatened or endangered species.  Any main stem levee requiring 
waterside erosion remediation will also be assigned the higher environmental mitigation 
percentage. 
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 1aSegment/Reach: 45.1 Total Segment/Reach Length (Feet): 23,769

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $4,577,909

Erosion Repair Cost: $4,577,909

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $4,577,909

a

Remediated Length (%): 0

Length (%): 30

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $4,577,90945.1

Chico-Mud Unit 1aSegment/Reach: 45.2 Total Segment/Reach Length (Feet): 13,755

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $20,844,726

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,844,726 Total Remediation Cost for Estimate $20,844,726

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $20,844,72645.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 3aSegment/Reach: 47 Total Segment/Reach Length (Feet): 11,414

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,515,121

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,766,822

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,766,822 Total Remediation Cost for Estimate $6,032,951

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,266,129

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,266,129

a

Remediated Length (%): 35

Length (%): 0

Length (%): 73

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $1,468,517

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,136,980

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,136,980 Total Remediation Cost for Estimate $1,986,832

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $849,853

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $849,853

b

Remediated Length (%): 13

Length (%): 0

Length (%): 27

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $375,932

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $375,932

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $375,932

c

Remediated Length (%): 0

Length (%): 0

Length (%): 11

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $491,584

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $491,584

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $491,584

d

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $8,887,29947

Chico-Mud Unit 3cSegment/Reach: 48.1 Total Segment/Reach Length (Feet): 4,563

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $606,677

Drained Stability Berm Cost: $0

Seepage Berm Cost: $466,324

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $466,324 Total Remediation Cost for Estimate $1,680,332

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,214,008

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,214,008

a

Remediated Length (%): 15

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Total Remediation Cost Estimated for Segment/Reach $1,680,33248.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 3cSegment/Reach: 48.2 Total Segment/Reach Length (Feet): 5,321

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,454,207

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,970,728

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,970,728 Total Remediation Cost for Estimate $7,371,835

Erosion Repair Cost: $3,985,429

Freeboard/Geometry Cost: $1,415,678

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,401,107

a

Remediated Length (%): 49

Length (%): 100

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $7,371,83548.2

LD 3-Glenn, Sacramento River (Glenn Co)Segment/Reach: 68 Total Segment/Reach Length (Feet): 63,231

Estimate Run: a

Combo Berm Cost: $32,977,640

Slurry Wall Cost: $63,522,459

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $32,977,640 Total Remediation Cost for Estimate $54,401,215

Erosion Repair Cost: $17,304,217

Freeboard/Geometry Cost: $4,119,359

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $21,423,576

a

Remediated Length (%): 35

Length (%): 20

Length (%): 15

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $19,267,581

Slurry Wall Cost: $27,714,077

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $19,267,581 Total Remediation Cost for Estimate $19,267,581

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $73,668,79668

Maintenance Area No. 05 - Unit 1Segment/Reach: 103 Total Segment/Reach Length (Feet): 42,050

Estimate Run: a

Combo Berm Cost: $12,365,211

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,365,211 Total Remediation Cost for Estimate $28,251,672

Erosion Repair Cost: $11,967,991

Freeboard/Geometry Cost: $3,918,470

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $23,674,600

Category B

Subtotal Other Required Remediation Costs: $15,886,461

a

Remediated Length (%): 20

Length (%): 20

Length (%): 26

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,265,667

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,979,406

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,979,406 Total Remediation Cost for Estimate $8,463,352

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,483,946

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,483,946

b

Remediated Length (%): 5

Length (%): 0

Length (%): 44

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $2,481,081

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,814,938

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,814,938 Total Remediation Cost for Estimate $1,814,938

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $38,529,962103

Maintenance Area No. 05 - Unit 2cSegment/Reach: 104 Total Segment/Reach Length (Feet): 42,275

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,004,506

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,341,445

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,341,445 Total Remediation Cost for Estimate $36,272,807

Erosion Repair Cost: $22,617,125

Freeboard/Geometry Cost: $5,314,237

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,931,362

a

Remediated Length (%): 15

Length (%): 50

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $7,518,225

Drained Stability Berm Cost: $0

Seepage Berm Cost: $5,755,341

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,755,341 Total Remediation Cost for Estimate $11,141,567

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,386,226

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,386,226

b

Remediated Length (%): 15

Length (%): 0

Length (%): 36

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,702,595

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,702,595 Total Remediation Cost for Estimate $4,702,595

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,849,128

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,849,128 Total Remediation Cost for Estimate $3,849,128

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Total Remediation Cost Estimated for Segment/Reach $55,966,098104

Maintenance Area No. 13 - Unit 1aSegment/Reach: 108 Total Segment/Reach Length (Feet): 18,163

Estimate Run: a

Combo Berm Cost: $8,703,234

Slurry Wall Cost: $11,745,443

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,703,234 Total Remediation Cost for Estimate $8,703,234

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,308,415

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,308,415

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,308,415

b

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $15,011,649108

Maintenance Area No. 13 - Unit 2aSegment/Reach: 109 Total Segment/Reach Length (Feet): 19,047

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,102,605

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,413,518

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,413,518 Total Remediation Cost for Estimate $8,413,518

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,053,624

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,053,624

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,053,624

b

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Total Remediation Cost Estimated for Segment/Reach $14,467,141109

Sacramento River East Levee Unit 1aSegment/Reach: 159 Total Segment/Reach Length (Feet): 17,749

Estimate Run: a

Combo Berm Cost: $15,567,596

Slurry Wall Cost: $22,899,740

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,567,596 Total Remediation Cost for Estimate $15,567,596

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 51

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $15,567,596159

Sacramento River East Levee Unit 1b, and Unit 1cSegment/Reach: 160 Total Segment/Reach Length (Feet): 50,080

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $18,681,056

Drained Stability Berm Cost: $0

Seepage Berm Cost: $13,612,484

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,612,484 Total Remediation Cost for Estimate $50,938,688

Erosion Repair Cost: $32,892,544

Freeboard/Geometry Cost: $4,433,660

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $37,326,204

a

Remediated Length (%): 20

Length (%): 50

Length (%): 25

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $11,472,274

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,472,274 Total Remediation Cost for Estimate $11,472,274

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $62,410,962160

Sacramento River East Levee Unit 1dSegment/Reach: 161 Total Segment/Reach Length (Feet): 37,511

Estimate Run: a

Combo Berm Cost: $11,604,398

Slurry Wall Cost: $15,539,669

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,604,398 Total Remediation Cost for Estimate $28,842,139

Erosion Repair Cost: $13,345,163

Freeboard/Geometry Cost: $3,892,578

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,237,742

a

Remediated Length (%): 20

Length (%): 25

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,522,184

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,522,184 Total Remediation Cost for Estimate $1,522,184

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Total Remediation Cost Estimated for Segment/Reach $30,364,323161

Maintenance Area No. 05 - Unit 2bSegment/Reach: 263.1 Total Segment/Reach Length (Feet): 12,225

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $9,865,882

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,865,882 Total Remediation Cost for Estimate $24,287,171

Erosion Repair Cost: $7,380,790

Freeboard/Geometry Cost: $7,040,498

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $14,421,288

a

Remediated Length (%): 20

Length (%): 25

Length (%): 75

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $27,553,865

Slurry Wall Cost: $32,268,636

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,553,865 Total Remediation Cost for Estimate $27,553,865

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 80

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $51,841,036263.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 2bSegment/Reach: 263.2 Total Segment/Reach Length (Feet): 12,225

Estimate Run: a

Combo Berm Cost: $13,652,626

Slurry Wall Cost: $16,420,127

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,652,626 Total Remediation Cost for Estimate $20,536,190

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,883,564

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,883,564

a

Remediated Length (%): 75

Length (%): 0

Length (%): 95

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $6,415,184

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,415,184 Total Remediation Cost for Estimate $6,415,184

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $26,951,373263.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 2aSegment/Reach: 269 Total Segment/Reach Length (Feet): 6,239

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $4,719,279

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,551,974

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,551,974 Total Remediation Cost for Estimate $3,551,974

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 75

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $3,551,974269

Maintenance Area No. 13 - Unit 2cSegment/Reach: 271 Total Segment/Reach Length (Feet): 6,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,925,866

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,945,962

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,945,962 Total Remediation Cost for Estimate $1,945,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,839,326

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,268,447

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,268,447 Total Remediation Cost for Estimate $3,268,447

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 70

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $614,445

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $614,445

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $614,445

c

Remediated Length (%): 30

Length (%): 0

Length (%): 30

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,214,491

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,214,491

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,214,491

d

Remediated Length (%): 0

Length (%): 0

Length (%): 70

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $7,043,344271

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 13 - Unit 1cSegment/Reach: 272 Total Segment/Reach Length (Feet): 28,098

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,134,368

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,134,368 Total Remediation Cost for Estimate $5,134,368

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $8,182,591

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $8,182,591

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $8,182,591

b

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $13,316,959272

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 2aSegment/Reach: 274.1 Total Segment/Reach Length (Feet): 4,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $254,521

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $254,521

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $254,521

a

Remediated Length (%): 0

Length (%): 0

Length (%): 16

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $254,521274.1

Sacramento River East Levee Unit 4, Moulton WeirSegment/Reach: 290 Total Segment/Reach Length (Feet): 1,465

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $393,068

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $393,068

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $393,068

a

Remediated Length (%): 0

Length (%): 0

Length (%): 50

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $393,068290

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Sacramento River East Levee Unit 3, Colusa WeirSegment/Reach: 291 Total Segment/Reach Length (Feet): 12,108

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $13,624,913

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,908,488

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,908,488 Total Remediation Cost for Estimate $19,512,691

Erosion Repair Cost: $9,940,668

Freeboard/Geometry Cost: $663,535

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $10,604,203

a

Remediated Length (%): 50

Length (%): 50

Length (%): 20

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $19,512,691291

Sacramento River East Levee Unit 2, Colusa WeirSegment/Reach: 292 Total Segment/Reach Length (Feet): 11,565

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $523,602

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $523,602

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $523,602

a

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $523,602292

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 2bSegment/Reach: 379 Total Segment/Reach Length (Feet): 21,148

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,654,013

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,654,013

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,654,013

a

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $391,606

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $391,606

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $391,606

b

Remediated Length (%): 0

Length (%): 0

Length (%): 6

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $7,045,619379

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 1Segment/Reach: 381.1 Total Segment/Reach Length (Feet): 25,150

Estimate Run: a

Combo Berm Cost: $41,208,802

Slurry Wall Cost: $43,691,737

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $41,208,802 Total Remediation Cost for Estimate $84,825,519

Erosion Repair Cost: $38,543,213

Freeboard/Geometry Cost: $5,073,503

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $43,616,716

a

Remediated Length (%): 80

Length (%): 100

Length (%): 60

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $5,386,688

Drained Stability Berm Cost: $0

Seepage Berm Cost: $4,008,792

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,008,792 Total Remediation Cost for Estimate $5,223,699

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,214,906

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $1,214,906

b

Remediated Length (%): 10

Length (%): 0

Length (%): 10

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $6,224,327

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,224,327 Total Remediation Cost for Estimate $6,224,327

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $96,273,544381.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 1Segment/Reach: 381.2 Total Segment/Reach Length (Feet): 12,450

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,133,904

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,133,904

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,133,904

a

Remediated Length (%): 0

Length (%): 0

Length (%): 75

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $5,133,904381.2

Maintenance Area No. 13 - Unit 2eSegment/Reach: 383.2 Total Segment/Reach Length (Feet): 22,920

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $8,865,779

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,865,779 Total Remediation Cost for Estimate $8,865,779

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 66

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,922,361

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,922,361 Total Remediation Cost for Estimate $5,922,361

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 34

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,738,560

Erosion Repair Cost: $2,738,560

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,738,560

c

Remediated Length (%): 0

Length (%): 10

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,488,250

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,488,250

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,488,250

d

Remediated Length (%): 0

Length (%): 0

Length (%): 35

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $20,014,950383.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Segment 1027Segment/Reach: 1027 Total Segment/Reach Length (Feet): 3,950

Estimate Run: a

Combo Berm Cost: $3,164,138

Slurry Wall Cost: $4,239,922

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,164,138 Total Remediation Cost for Estimate $3,164,138

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,037,563

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,037,563

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,037,563

b

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $4,201,7011027

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Deer Creek Unit 1bSegment/Reach: 54 Total Segment/Reach Length (Feet): 16,325

Estimate Run: a

Combo Berm Cost: $8,096,515

Slurry Wall Cost: $11,102,511

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,096,515 Total Remediation Cost for Estimate $21,043,532

Erosion Repair Cost: $8,384,520

Freeboard/Geometry Cost: $4,562,498

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $12,947,018

a

Remediated Length (%): 60

Length (%): 60

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $21,043,53254

Deer Creek Unit 2Segment/Reach: 55 Total Segment/Reach Length (Feet): 7,636

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,404,471

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,466,351

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,466,351 Total Remediation Cost for Estimate $6,457,004

Erosion Repair Cost: $2,451,156

Freeboard/Geometry Cost: $1,539,497

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $3,990,653

a

Remediated Length (%): 47

Length (%): 50

Length (%): 72

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $6,457,00455

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Deer Creek Unit 1aSegment/Reach: 56 Total Segment/Reach Length (Feet): 5,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,585,297

Erosion Repair Cost: $1,663,140

Freeboard/Geometry Cost: $922,157

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $2,585,297

a

Remediated Length (%): 0

Length (%): 60

Length (%): 75

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E+FG

Total Remediation Cost Estimated for Segment/Reach $2,585,29756

Elder Creek Unit 4b - Tehama CountySegment/Reach: 57 Total Segment/Reach Length (Feet): 4,930

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,478,737

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,600,494

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,600,494 Total Remediation Cost for Estimate $4,816,405

Erosion Repair Cost: $2,110,040

Freeboard/Geometry Cost: $1,105,870

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,215,910

a

Remediated Length (%): 41

Length (%): 50

Length (%): 81

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $4,816,40557

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Elder Creek Unit 4a - Tehama CountySegment/Reach: 58 Total Segment/Reach Length (Feet): 15,928

Estimate Run: a

Combo Berm Cost: $3,878,998

Slurry Wall Cost: $5,529,802

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,878,998 Total Remediation Cost for Estimate $14,786,493

Erosion Repair Cost: $10,907,494

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $10,907,494

a

Remediated Length (%): 39

Length (%): 80

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $2,960,535

Slurry Wall Cost: $3,105,220

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,960,535 Total Remediation Cost for Estimate $2,960,535

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 11

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $17,747,02858

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Elder Creek Unit 5 - Tehama CountySegment/Reach: 59 Total Segment/Reach Length (Feet): 20,363

Estimate Run: a

Combo Berm Cost: $4,003,837

Slurry Wall Cost: $5,810,408

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,003,837 Total Remediation Cost for Estimate $13,358,032

Erosion Repair Cost: $7,625,944

Freeboard/Geometry Cost: $1,728,251

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $9,354,195

a

Remediated Length (%): 31

Length (%): 50

Length (%): 36

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $5,180,210

Slurry Wall Cost: $7,185,265

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,180,210 Total Remediation Cost for Estimate $7,201,740

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,021,530

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,021,530

b

Remediated Length (%): 30

Length (%): 0

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $20,559,77259

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

LD 1-Glenn, Sacramento RiverSegment/Reach: 65 Total Segment/Reach Length (Feet): 64,720

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $8,216,793

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,664,489

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,664,489 Total Remediation Cost for Estimate $30,664,686

Erosion Repair Cost: $17,312,600

Freeboard/Geometry Cost: $9,687,597

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,000,197

a

Remediated Length (%): 5

Length (%): 25

Length (%): 50

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $20,173,912

Slurry Wall Cost: $43,826,441

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,173,912 Total Remediation Cost for Estimate $20,173,912

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $50,838,59865

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

LD 2-Glenn, Sacramento RiverSegment/Reach: 67 Total Segment/Reach Length (Feet): 25,915

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $23,087,108

Drained Stability Berm Cost: $0

Seepage Berm Cost: $12,840,181

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,840,181 Total Remediation Cost for Estimate $13,228,927

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $388,746

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $388,746

a

Remediated Length (%): 30

Length (%): 0

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: b

Combo Berm Cost: $9,292,268

Slurry Wall Cost: $15,591,354

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,292,268 Total Remediation Cost for Estimate $9,292,268

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $22,521,19567

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Maintenance Area No. 01Segment/Reach: 100 Total Segment/Reach Length (Feet): 13,400

Estimate Run: a

Combo Berm Cost: $8,248,148

Slurry Wall Cost: $6,962,405

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,962,405 Total Remediation Cost for Estimate $6,962,405

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 25

Length (%): 0

Length (%): 25

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,954,147

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,954,147 Total Remediation Cost for Estimate $2,954,147

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $9,916,552100

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Maintenance Area No. 12Segment/Reach: 107 Total Segment/Reach Length (Feet): 60,005

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $43,923,724

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $43,923,724 Total Remediation Cost for Estimate $43,923,724

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 90

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $9,932,524

Drained Stability Berm Cost: $4,880,305

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,880,305 Total Remediation Cost for Estimate $4,880,305

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss

Total Remediation Cost Estimated for Segment/Reach $48,804,029107

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0070 Unit 2Segment/Reach: 115 Total Segment/Reach Length (Feet): 81,845

Estimate Run: a

Combo Berm Cost: $34,313,361

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $34,313,361 Total Remediation Cost for Estimate $34,313,361

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $64,472,762

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $34,109,007

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $34,109,007 Total Remediation Cost for Estimate $34,109,007

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $25,581,755

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $25,581,755 Total Remediation Cost for Estimate $25,581,755

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,061,524

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,061,524

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $1,061,524

d

Remediated Length (%): 0

Length (%): 0

Length (%): 4

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $280,015

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $280,015

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $280,015

e

Remediated Length (%): 0

Length (%): 0

Length (%): 1

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $73,333,120

Erosion Repair Cost: $73,333,120

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $73,333,120

f

Remediated Length (%): 0

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $168,678,782115

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0108 (Colusa Co, and Yolo Co)Segment/Reach: 116 Total Segment/Reach Length (Feet): 107,483

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $61,195,365

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $61,195,365 Total Remediation Cost for Estimate $128,963,138

Erosion Repair Cost: $59,588,575

Freeboard/Geometry Cost: $8,179,198

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $67,767,773

a

Remediated Length (%): 59

Length (%): 30

Length (%): 21

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $38,566,395

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $38,566,395 Total Remediation Cost for Estimate $44,240,432

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,674,036

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,674,036

b

Remediated Length (%): 50

Length (%): 0

Length (%): 14

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $173,203,570116

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0787Segment/Reach: 137 Total Segment/Reach Length (Feet): 23,477

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $27,607,209

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,607,209 Total Remediation Cost for Estimate $61,846,735

Erosion Repair Cost: $31,553,088

Freeboard/Geometry Cost: $2,686,438

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $34,239,526

a

Remediated Length (%): 100

Length (%): 60

Length (%): 36

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $61,846,735137

RD 1500 Unit 1Segment/Reach: 146 Total Segment/Reach Length (Feet): 174,955

Estimate Run: a

Combo Berm Cost: $334,227,275

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $334,227,275 Total Remediation Cost for Estimate $334,227,275

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $719,274,718

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $8,403,202

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $8,403,202

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $8,403,202

b

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,957,474

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,957,474

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,957,474

c

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $143,638,055

Erosion Repair Cost: $143,638,055

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $143,638,055

d

Remediated Length (%): 0

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $489,226,007146

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 1660 Unit 1Segment/Reach: 149 Total Segment/Reach Length (Feet): 15,270

Estimate Run: a

Combo Berm Cost: $8,696,335

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,696,335 Total Remediation Cost for Estimate $8,696,335

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $16,282,906

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $17,392,670

Slurry Wall Cost: $24,068,617

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,392,670 Total Remediation Cost for Estimate $17,392,670

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $7,522,002

Erosion Repair Cost: $7,522,002

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $7,522,002

c

Remediated Length (%): 0

Length (%): 30

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $243,750

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $243,750

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $243,750

d

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $258,127

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $258,127

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $258,127

e

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $34,112,883149

Sacramento River West Side Levee DistrictSegment/Reach: 158 Total Segment/Reach Length (Feet): 139,273

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $200,467,499

Drained Stability Berm Cost: $152,313,553

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $152,313,553 Total Remediation Cost for Estimate $298,786,106

Erosion Repair Cost: $112,309,747

Freeboard/Geometry Cost: $34,162,806

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $146,472,553

a

Remediated Length (%): 50

Length (%): 40

Length (%): 50

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $298,786,106158

Tisdale Bypass Unit 1 - north bankSegment/Reach: 165 Total Segment/Reach Length (Feet): 23,674

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $17,534,725

Drained Stability Berm Cost: $0

Seepage Berm Cost: $11,871,130

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,871,130 Total Remediation Cost for Estimate $11,871,130

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $24,235,746

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $24,235,746 Total Remediation Cost for Estimate $24,235,746

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $46,442,920

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,861,045

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,861,045

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,861,045

c

Remediated Length (%): 0

Length (%): 0

Length (%): 70

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $41,967,921165

Tisdale Bypass Unit 2 - south bankSegment/Reach: 166 Total Segment/Reach Length (Feet): 23,380

Estimate Run: a

Combo Berm Cost: $36,645,795

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $36,645,795 Total Remediation Cost for Estimate $36,645,795

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $63,585,842

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: b

Combo Berm Cost: $17,349,675

Slurry Wall Cost: $27,766,715

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,349,675 Total Remediation Cost for Estimate $17,349,675

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $7,586,663

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,586,663

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $7,586,663

c

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $61,582,133166

RD 1660 Unit 2Segment/Reach: 248 Total Segment/Reach Length (Feet): 48,163

Estimate Run: a

Combo Berm Cost: $50,776,335

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $50,776,335 Total Remediation Cost for Estimate $50,776,335

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $83,453,784

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,588,083

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,588,083 Total Remediation Cost for Estimate $10,588,083

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Estimate Run: c

Combo Berm Cost: $53,055,183

Slurry Wall Cost: $61,787,899

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $53,055,183 Total Remediation Cost for Estimate $53,055,183

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $9,646,149

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,646,149

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $9,646,149

d

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,086,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,086,311

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,086,311

e

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $130,152,061248

Maintenance Area No. 01Segment/Reach: 286 Total Segment/Reach Length (Feet): 29,425

Estimate Run: a

Combo Berm Cost: $27,770,569

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,770,569 Total Remediation Cost for Estimate $27,770,569

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $27,770,569286

Sacramento River West Side Levee DistrictSegment/Reach: 287 Total Segment/Reach Length (Feet): 28,116

Estimate Run: a

Combo Berm Cost: $53,511,234

Slurry Wall Cost: $72,903,995

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $53,511,234 Total Remediation Cost for Estimate $85,001,154

Erosion Repair Cost: $31,489,920

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $31,489,920

a

Remediated Length (%): 75

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $17,739,227

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,739,227 Total Remediation Cost for Estimate $17,739,227

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $31,633,640

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Total Remediation Cost Estimated for Segment/Reach $102,740,381287

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Sacramento River West Side Levee DistrictSegment/Reach: 288 Total Segment/Reach Length (Feet): 93,205

Estimate Run: a

Combo Berm Cost: $41,877,837

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $41,877,837 Total Remediation Cost for Estimate $137,239,013

Erosion Repair Cost: $93,950,640

Freeboard/Geometry Cost: $1,410,536

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $71,819,018

Category B

Subtotal Other Required Remediation Costs: $95,361,176

a

Remediated Length (%): 20

Length (%): 50

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $38,936,958

Drained Stability Berm Cost: $0

Seepage Berm Cost: $28,943,221

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $28,943,221 Total Remediation Cost for Estimate $28,943,221

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $166,182,235288

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 2

RD 0070 Unit 1Segment/Reach: 293 Total Segment/Reach Length (Feet): 41,799

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $34,736,021

Drained Stability Berm Cost: $0

Seepage Berm Cost: $26,139,467

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $26,139,467 Total Remediation Cost for Estimate $26,139,467

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $92,769,167

Slurry Wall Cost: $114,020,424

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $92,769,167 Total Remediation Cost for Estimate $92,769,167

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 75

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $9,125,804

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,125,804

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $9,125,804

c

Remediated Length (%): 0

Length (%): 0

Length (%): 55

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $128,034,438293

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 2

RD 1500 Unit 2Segment/Reach: 294 Total Segment/Reach Length (Feet): 109,495

Estimate Run: a

Combo Berm Cost: $171,061,723

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $171,061,723 Total Remediation Cost for Estimate $171,061,723

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $276,775,235

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $171,061,723

Slurry Wall Cost: $207,729,111

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $171,061,723 Total Remediation Cost for Estimate $171,061,723

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $17,054,612

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $17,054,612

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,054,612

c

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $20,774,096

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $20,774,096

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $20,774,096

d

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $147,161,280

Erosion Repair Cost: $147,161,280

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $147,161,280

e

Remediated Length (%): 0

Length (%): 60

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $527,113,434294

Maintenance Area No. 01Segment/Reach: 380 Total Segment/Reach Length (Feet): 45,875

Estimate Run: a

Combo Berm Cost: $27,836,494

Slurry Wall Cost: $47,183,260

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,836,494 Total Remediation Cost for Estimate $48,035,011

Erosion Repair Cost: $18,831,688

Freeboard/Geometry Cost: $1,366,829

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $20,198,517

a

Remediated Length (%): 35

Length (%): 25

Length (%): 10

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $54,113,897

Drained Stability Berm Cost: $0

Seepage Berm Cost: $30,092,865

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $30,092,865 Total Remediation Cost for Estimate $30,092,865

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $78,127,876380

Marysville Unit 3 (NE extension)Segment/Reach: 52.1 Total Segment/Reach Length (Feet): 20,147

Estimate Run: a

Combo Berm Cost: $10,380,972

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,380,972 Total Remediation Cost for Estimate $10,380,972

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $14,920,505

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $13,895,320

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,895,320 Total Remediation Cost for Estimate $13,895,320

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $26,938,100

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 35

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: c

Combo Berm Cost: $3,970,091

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,970,091 Total Remediation Cost for Estimate $3,970,091

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $7,696,600

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $4,562,119

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,052,302

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,052,302 Total Remediation Cost for Estimate $3,052,302

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,262,251

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,262,251

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,262,251

e

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $649,429

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $649,429

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $649,429

f

Remediated Length (%): 0

Length (%): 0

Length (%): 10

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $35,210,36652.1

Honcut Creek Area - EasternSegment/Reach: 62 Total Segment/Reach Length (Feet): 7,741

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,670,394

Drained Stability Berm Cost: $1,962,737

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,962,737 Total Remediation Cost for Estimate $1,962,737

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,775,426

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,775,426

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,775,426

b

Remediated Length (%): 0

Length (%): 0

Length (%): 80

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $5,738,16362

Maintenance Area No. 03Segment/Reach: 101 Total Segment/Reach Length (Feet): 11,600

Estimate Run: a

Combo Berm Cost: $18,599,572

Slurry Wall Cost: $21,219,681

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,599,572 Total Remediation Cost for Estimate $31,591,572

Erosion Repair Cost: $12,992,000

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $12,992,000

a

Remediated Length (%): 50

Length (%): 50

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $13,848,302

Drained Stability Berm Cost: $3,605,745

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,605,745 Total Remediation Cost for Estimate $3,605,745

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $35,197,317101

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 0010 Unit 1Segment/Reach: 114 Total Segment/Reach Length (Feet): 40,406

Estimate Run: a

Combo Berm Cost: $24,598,520

Slurry Wall Cost: $20,178,076

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,178,076 Total Remediation Cost for Estimate $20,178,076

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: b

Combo Berm Cost: $18,712,160

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,712,160 Total Remediation Cost for Estimate $18,712,160

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $27,237,114

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $18,393,073

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,393,073 Total Remediation Cost for Estimate $18,393,073

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 35

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,401,882

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,401,882 Total Remediation Cost for Estimate $4,401,882

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,428,847

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,428,847

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,428,847

e

Remediated Length (%): 0

Length (%): 0

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,264,153

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,264,153

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,264,153

f

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $72,378,192114

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 0784 Unit 3bSegment/Reach: 135 Total Segment/Reach Length (Feet): 7,392

Estimate Run: a

Combo Berm Cost: $10,945,492

Slurry Wall Cost: $14,613,621

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,945,492 Total Remediation Cost for Estimate $15,696,245

Erosion Repair Cost: $2,649,293

Freeboard/Geometry Cost: $2,101,460

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $4,750,753

a

Remediated Length (%): 80

Length (%): 20

Length (%): 78

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $2,439,490

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,540,820

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,439,490 Total Remediation Cost for Estimate $2,439,490

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $18,135,734135

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 0817 Unit 1Segment/Reach: 138 Total Segment/Reach Length (Feet): 20,160

Estimate Run: a

Combo Berm Cost: $15,000,061

Slurry Wall Cost: $19,526,980

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,000,061 Total Remediation Cost for Estimate $22,153,094

Erosion Repair Cost: $6,620,544

Freeboard/Geometry Cost: $532,489

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $7,153,033

a

Remediated Length (%): 42

Length (%): 25

Length (%): 13

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $5,564,399

Slurry Wall Cost: $7,424,301

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,564,399 Total Remediation Cost for Estimate $5,564,399

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 42

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $27,717,493138

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 1001 Unit 1Segment/Reach: 144 Total Segment/Reach Length (Feet): 22,176

Estimate Run: a

Combo Berm Cost: $11,941,657

Slurry Wall Cost: $15,471,469

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,941,657 Total Remediation Cost for Estimate $12,095,251

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $153,594

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $153,594

a

Remediated Length (%): 52

Length (%): 0

Length (%): 2

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $20,384,068

Slurry Wall Cost: $18,540,079

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,540,079 Total Remediation Cost for Estimate $18,847,265

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $307,187

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $307,187

b

Remediated Length (%): 48

Length (%): 0

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $252,052

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $252,052

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $252,052

c

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $31,194,568144

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 1001 Unit 2Segment/Reach: 145 Total Segment/Reach Length (Feet): 19,235

Estimate Run: a

Combo Berm Cost: $14,489,269

Slurry Wall Cost: $18,921,113

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,489,269 Total Remediation Cost for Estimate $18,202,738

Erosion Repair Cost: $2,737,269

Freeboard/Geometry Cost: $976,200

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,713,468

a

Remediated Length (%): 50

Length (%): 10

Length (%): 14

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $3,962,916

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,957,182

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,957,182 Total Remediation Cost for Estimate $2,957,182

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: c

Combo Berm Cost: $3,128,311

Slurry Wall Cost: $4,135,868

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,128,311 Total Remediation Cost for Estimate $3,128,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss

Total Remediation Cost Estimated for Segment/Reach $24,288,231145

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 2103 Unit 1bSegment/Reach: 154 Total Segment/Reach Length (Feet): 17,950

Estimate Run: a

Combo Berm Cost: $18,598,421

Slurry Wall Cost: $24,814,949

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,598,421 Total Remediation Cost for Estimate $24,187,181

Erosion Repair Cost: $5,185,755

Freeboard/Geometry Cost: $403,005

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $5,588,760

a

Remediated Length (%): 100

Length (%): 30

Length (%): 12

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $24,187,181154

Sutter Bypass - East Levee - northSegment/Reach: 163 Total Segment/Reach Length (Feet): 22,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $51,415,694

Drained Stability Berm Cost: $0

Seepage Berm Cost: $42,618,540

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $42,618,540 Total Remediation Cost for Estimate $57,302,439

Erosion Repair Cost: $12,712,000

Freeboard/Geometry Cost: $1,971,899

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category LD

Subtotal Other Required Remediation Costs: $14,683,899

a

Remediated Length (%): 75

Length (%): 25

Length (%): 25

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,396,991

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,396,991 Total Remediation Cost for Estimate $6,396,991

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category LD

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $63,699,430163

Sutter Bypass - East Levee - southSegment/Reach: 164 Total Segment/Reach Length (Feet): 72,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $60,898,446

Drained Stability Berm Cost: $0

Seepage Berm Cost: $42,247,559

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $42,247,559 Total Remediation Cost for Estimate $103,654,049

Erosion Repair Cost: $48,988,800

Freeboard/Geometry Cost: $12,417,689

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $61,406,489

a

Remediated Length (%): 25

Length (%): 30

Length (%): 50

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $18,514,109

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,514,109 Total Remediation Cost for Estimate $18,514,109

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: c

Combo Berm Cost: $45,383,867

Slurry Wall Cost: $60,898,446

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,383,867 Total Remediation Cost for Estimate $45,383,867

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: d

Combo Berm Cost: $45,383,867

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,383,867 Total Remediation Cost for Estimate $45,383,867

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $79,717,240

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $212,935,891164

Wadsworth Canal Unit 1Segment/Reach: 167 Total Segment/Reach Length (Feet): 11,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,071,056

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,193,851

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,193,851 Total Remediation Cost for Estimate $17,377,659

Erosion Repair Cost: $11,170,800

Freeboard/Geometry Cost: $4,013,008

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $15,183,808

a

Remediated Length (%): 20

Length (%): 100

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $17,377,659167

Wadsworth Canal Unit 2Segment/Reach: 168 Total Segment/Reach Length (Feet): 24,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $38,109,621

Drained Stability Berm Cost: $0

Seepage Berm Cost: $27,033,756

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,033,756 Total Remediation Cost for Estimate $84,714,910

Erosion Repair Cost: $54,432,000

Freeboard/Geometry Cost: $3,249,155

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $57,681,155

a

Remediated Length (%): 52

Length (%): 100

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $10,311,546

Drained Stability Berm Cost: $6,359,540

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,359,540 Total Remediation Cost for Estimate $6,359,540

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $91,074,451168

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 1001 Unit 3, and Unit 3aSegment/Reach: 246 Total Segment/Reach Length (Feet): 49,632

Estimate Run: a

Combo Berm Cost: $29,392,104

Slurry Wall Cost: $37,933,925

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $29,392,104 Total Remediation Cost for Estimate $66,397,038

Erosion Repair Cost: $28,251,858

Freeboard/Geometry Cost: $8,753,076

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $37,004,934

a

Remediated Length (%): 47

Length (%): 40

Length (%): 47

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $23,887,569

Slurry Wall Cost: $32,164,712

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $23,887,569 Total Remediation Cost for Estimate $31,466,320

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,578,751

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $7,578,751

b

Remediated Length (%): 28

Length (%): 0

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: c

Combo Berm Cost: $10,363,058

Slurry Wall Cost: $13,953,901

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,363,058 Total Remediation Cost for Estimate $10,363,058

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 12

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $13,667,009

Slurry Wall Cost: $19,547,351

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,667,009 Total Remediation Cost for Estimate $13,667,009

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 13

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $121,893,425246

RD 1001 Unit 4Segment/Reach: 247 Total Segment/Reach Length (Feet): 70,224

Estimate Run: a

Combo Berm Cost: $220,406,035

Slurry Wall Cost: $248,127,676

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $1,870,407

Minimum Alternative Remediation Cost: $1,870,407 Total Remediation Cost for Estimate $80,521,287

Erosion Repair Cost: $78,650,880

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $78,650,880

a

Remediated Length (%): 94

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $19,240,163

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $35,525,524

Replace Levee Cost: $4,948,260

Minimum Alternative Remediation Cost: $4,948,260 Total Remediation Cost for Estimate $4,948,260

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 6

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $3,740,814

Minimum Alternative Remediation Cost: $3,740,814 Total Remediation Cost for Estimate $3,740,814

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 1

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $5,160,853

Minimum Alternative Remediation Cost: $5,160,853 Total Remediation Cost for Estimate $5,160,853

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 2

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Total Remediation Cost Estimated for Segment/Reach $94,371,213247

RD 0010 Unit 3Segment/Reach: 275 Total Segment/Reach Length (Feet): 14,848

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,317,635

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,317,635 Total Remediation Cost for Estimate $1,317,635

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: b

Combo Berm Cost: $690,821

Slurry Wall Cost: $2,044,700

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $690,821 Total Remediation Cost for Estimate $690,821

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,693,543

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,693,543 Total Remediation Cost for Estimate $5,693,543

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 55

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: d

Combo Berm Cost: $3,937,665

Slurry Wall Cost: $10,223,502

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,937,665 Total Remediation Cost for Estimate $3,937,665

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $861,319

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $861,319

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $861,319

e

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $12,500,983275

RD 0784 Unit 6Segment/Reach: 281 Total Segment/Reach Length (Feet): 7,920

Estimate Run: a

Combo Berm Cost: $6,341,191

Slurry Wall Cost: $8,549,304

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,341,191 Total Remediation Cost for Estimate $6,341,191

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $6,341,191281

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 1001 Unit 3bSegment/Reach: 283 Total Segment/Reach Length (Feet): 16,632

Estimate Run: a

Combo Berm Cost: $3,792,010

Slurry Wall Cost: $5,398,301

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,792,010 Total Remediation Cost for Estimate $23,118,648

Erosion Repair Cost: $18,627,840

Freeboard/Geometry Cost: $698,799

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $19,326,639

a

Remediated Length (%): 11

Length (%): 50

Length (%): 11

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $5,161,079

Slurry Wall Cost: $5,928,074

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,161,079 Total Remediation Cost for Estimate $5,161,079

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $28,279,728283

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 1001 Unit 5Segment/Reach: 284 Total Segment/Reach Length (Feet): 28,512

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $23,342,382

Drained Stability Berm Cost: $0

Seepage Berm Cost: $16,391,504

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $16,391,504 Total Remediation Cost for Estimate $80,258,384

Erosion Repair Cost: $63,866,880

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $63,866,880

a

Remediated Length (%): 25

Length (%): 100

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E

Estimate Run: b

Combo Berm Cost: $17,858,772

Slurry Wall Cost: $23,342,382

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,858,772 Total Remediation Cost for Estimate $17,858,772

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,902,200

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,902,200 Total Remediation Cost for Estimate $7,902,200

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $17,858,772

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,858,772 Total Remediation Cost for Estimate $17,858,772

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $31,207,754

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $123,878,128284

RD 1001 Unit 6Segment/Reach: 285 Total Segment/Reach Length (Feet): 24,816

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,682,417

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,649,689

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,649,689 Total Remediation Cost for Estimate $8,649,689

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,853,130

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,853,130 Total Remediation Cost for Estimate $4,853,130

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $13,502,820285

RD 0010 Unit 2Segment/Reach: 385 Total Segment/Reach Length (Feet): 60,039

Estimate Run: a

Combo Berm Cost: $57,942,344

Slurry Wall Cost: $89,865,528

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $57,942,344 Total Remediation Cost for Estimate $57,942,344

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 45

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $15,349,628

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,349,628 Total Remediation Cost for Estimate $15,349,628

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $26,365,295

Drained Stability Berm Cost: $0

Seepage Berm Cost: $12,682,492

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,682,492 Total Remediation Cost for Estimate $12,682,492

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,424,875

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,424,875

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,424,875

d

Remediated Length (%): 0

Length (%): 0

Length (%): 7

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,470,738

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,470,738

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,470,738

e

Remediated Length (%): 0

Length (%): 0

Length (%): 18

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $90,870,077385

RD 0784 Unit 5bSegment/Reach: 392 Total Segment/Reach Length (Feet): 22,176

Estimate Run: a

Combo Berm Cost: $12,610,927

Slurry Wall Cost: $17,104,061

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,610,927 Total Remediation Cost for Estimate $24,532,745

Erosion Repair Cost: $11,921,818

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $11,921,818

a

Remediated Length (%): 30

Length (%): 30

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $24,532,745392

Cache Creek - Yolo County Unit 1bSegment/Reach: 41 Total Segment/Reach Length (Feet): 61,700

Estimate Run: a

Combo Berm Cost: $60,923,820

Slurry Wall Cost: $68,122,743

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $60,923,820 Total Remediation Cost for Estimate $167,421,070

Erosion Repair Cost: $94,557,307

Freeboard/Geometry Cost: $11,939,943

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $106,497,250

a

Remediated Length (%): 51

Length (%): 100

Length (%): 51

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $41,343,293

Slurry Wall Cost: $54,674,387

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $41,343,293 Total Remediation Cost for Estimate $42,797,229

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,453,936

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $1,453,936

b

Remediated Length (%): 49

Length (%): 0

Length (%): 13

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $210,218,29941

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Middle Creek - Unit 2aSegment/Reach: 77 Total Segment/Reach Length (Feet): 3,302

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,083,479

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,083,479

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,083,479

a

Remediated Length (%): 0

Length (%): 0

Length (%): 61

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $1,083,47977

Middle Creek - Unit 1aSegment/Reach: 78 Total Segment/Reach Length (Feet): 5,680

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,438,151

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,438,151 Total Remediation Cost for Estimate $6,204,918

Erosion Repair Cost: $2,227,980

Freeboard/Geometry Cost: $2,538,787

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $4,766,767

a

Remediated Length (%): 60

Length (%): 75

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+E+FG

Total Remediation Cost Estimated for Segment/Reach $6,204,91878

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Middle Creek - Unit 3 - Scotts CreekSegment/Reach: 80 Total Segment/Reach Length (Feet): 13,072

Estimate Run: a

Combo Berm Cost: $3,749,590

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,749,590 Total Remediation Cost for Estimate $6,308,625

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,559,036

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $7,606,571

Category A

Subtotal Other Required Remediation Costs: $2,559,036

a

Remediated Length (%): 38

Length (%): 0

Length (%): 38

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,135,134

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,135,134 Total Remediation Cost for Estimate $2,158,748

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,023,614

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,023,614

b

Remediated Length (%): 15

Length (%): 0

Length (%): 15

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,281,928

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,281,928 Total Remediation Cost for Estimate $5,636,589

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,354,661

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,354,661

c

Remediated Length (%): 31

Length (%): 0

Length (%): 46

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 73 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,140,964

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,140,964 Total Remediation Cost for Estimate $1,140,964

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $15,244,92680

Middle Creek - Unit 1eSegment/Reach: 81.1 Total Segment/Reach Length (Feet): 3,820

Estimate Run: a

Combo Berm Cost: $1,151,462

Slurry Wall Cost: $1,154,879

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,151,462 Total Remediation Cost for Estimate $3,068,704

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,917,242

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,917,242

a

Remediated Length (%): 20

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,932,941

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,932,941 Total Remediation Cost for Estimate $2,932,941

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 80

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Total Remediation Cost Estimated for Segment/Reach $6,001,64581.1

Middle Creek - Unit 1eSegment/Reach: 81.2 Total Segment/Reach Length (Feet): 13,261

Estimate Run: a

Combo Berm Cost: $15,725,105

Slurry Wall Cost: $19,044,812

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,725,105 Total Remediation Cost for Estimate $36,297,332

Erosion Repair Cost: $14,189,270

Freeboard/Geometry Cost: $6,382,957

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $20,572,227

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Total Remediation Cost Estimated for Segment/Reach $36,297,33281.2

Putah Creek Unit 2 - south bankSegment/Reach: 112 Total Segment/Reach Length (Feet): 41,850

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $30,475,385

Drained Stability Berm Cost: $0

Seepage Berm Cost: $18,871,481

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,871,481 Total Remediation Cost for Estimate $28,085,402

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,213,921

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $9,213,921

a

Remediated Length (%): 30

Length (%): 0

Length (%): 50

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $40,836,546

Drained Stability Berm Cost: $0

Seepage Berm Cost: $25,287,494

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $25,287,494 Total Remediation Cost for Estimate $25,287,494

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $53,372,895112

RD 0537 Unit 1 - northh of Sac BypassSegment/Reach: 124 Total Segment/Reach Length (Feet): 19,500

Estimate Run: a

Combo Berm Cost: $47,488,761

Slurry Wall Cost: $61,145,136

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $47,488,761 Total Remediation Cost for Estimate $63,213,561

Erosion Repair Cost: $15,724,800

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $15,724,800

a

Remediated Length (%): 100

Length (%): 40

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Total Remediation Cost Estimated for Segment/Reach $63,213,561124

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 76 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

RD 0785 Unit 1Segment/Reach: 136 Total Segment/Reach Length (Feet): 11,610

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $36,951,122

Drained Stability Berm Cost: $0

Seepage Berm Cost: $29,083,111

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $29,083,111 Total Remediation Cost for Estimate $40,785,991

Erosion Repair Cost: $11,702,880

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $11,702,880

a

Remediated Length (%): 100

Length (%): 50

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $40,785,991136

RD 0827 Unit 1Segment/Reach: 139 Total Segment/Reach Length (Feet): 7,390

Estimate Run: a

Combo Berm Cost: $17,315,018

Slurry Wall Cost: $23,941,805

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,315,018 Total Remediation Cost for Estimate $26,779,364

Erosion Repair Cost: $9,270,016

Freeboard/Geometry Cost: $194,330

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $9,464,346

a

Remediated Length (%): 100

Length (%): 70

Length (%): 7

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $26,779,364139

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

RD 1600 Unit 1Segment/Reach: 147 Total Segment/Reach Length (Feet): 54,910

Estimate Run: a

Combo Berm Cost: $108,539,695

Slurry Wall Cost: $149,785,855

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $108,539,695 Total Remediation Cost for Estimate $210,963,989

Erosion Repair Cost: $98,398,720

Freeboard/Geometry Cost: $4,025,574

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $102,424,294

a

Remediated Length (%): 100

Length (%): 100

Length (%): 19

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Total Remediation Cost Estimated for Segment/Reach $210,963,989147

RD 2035 Unit 2 - Yolo BypassSegment/Reach: 150 Total Segment/Reach Length (Feet): 16,400

Estimate Run: a

Combo Berm Cost: $30,625,234

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $30,625,234 Total Remediation Cost for Estimate $66,747,623

Erosion Repair Cost: $31,225,600

Freeboard/Geometry Cost: $4,896,789

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $60,194,484

Category C

Subtotal Other Required Remediation Costs: $36,122,389

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $66,747,623150

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Sacramento Bypass Unit 1 - north bankSegment/Reach: 156.1 Total Segment/Reach Length (Feet): 6,330

Estimate Run: a

Combo Berm Cost: $15,854,992

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $52,707,497

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,854,992 Total Remediation Cost for Estimate $15,854,992

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $15,854,992156.1

Sacramento Bypass Unit 1 - north bankSegment/Reach: 156.2 Total Segment/Reach Length (Feet): 3,050

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,380,326

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,380,326 Total Remediation Cost for Estimate $6,113,126

Erosion Repair Cost: $2,732,800

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,732,800

a

Remediated Length (%): 100

Length (%): 40

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E

Total Remediation Cost Estimated for Segment/Reach $6,113,126156.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Service Area 6 - Yolo CountySegment/Reach: 162 Total Segment/Reach Length (Feet): 30,533

Estimate Run: a

Combo Berm Cost: $45,390,922

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,390,922 Total Remediation Cost for Estimate $63,898,279

Erosion Repair Cost: $15,040,556

Freeboard/Geometry Cost: $3,466,801

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $81,687,872

Category B

Subtotal Other Required Remediation Costs: $18,507,357

a

Remediated Length (%): 80

Length (%): 30

Length (%): 30

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,865,766

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,865,766 Total Remediation Cost for Estimate $2,865,766

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Total Remediation Cost Estimated for Segment/Reach $66,764,045162

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Willow Slough Bypass Unit 1 - north bankSegment/Reach: 169 Total Segment/Reach Length (Feet): 26,650

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,437,516

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,437,516

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,437,516

a

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $5,437,516169

Yolo Bypass East LeveeSegment/Reach: 171 Total Segment/Reach Length (Feet): 10,560

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,399,284

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,399,284 Total Remediation Cost for Estimate $33,664,449

Erosion Repair Cost: $23,654,400

Freeboard/Geometry Cost: $3,610,764

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,265,164

a

Remediated Length (%): 50

Length (%): 100

Length (%): 85

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Estimate Run: b

Combo Berm Cost: $14,189,962

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,189,962 Total Remediation Cost for Estimate $14,189,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $24,027,978

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $47,854,411171

Yolo Bypass West Levee Unit 1Segment/Reach: 172 Total Segment/Reach Length (Feet): 13,805

Estimate Run: a

Combo Berm Cost: $20,907,594

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,907,594 Total Remediation Cost for Estimate $35,270,868

Erosion Repair Cost: $9,276,960

Freeboard/Geometry Cost: $5,086,314

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $40,900,002

Category B

Subtotal Other Required Remediation Costs: $14,363,274

a

Remediated Length (%): 70

Length (%): 30

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,435,748

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,435,748 Total Remediation Cost for Estimate $1,435,748

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Total Remediation Cost Estimated for Segment/Reach $36,706,615172

Yolo Bypass West Levee Unit 2Segment/Reach: 173 Total Segment/Reach Length (Feet): 7,963

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,481,170

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,481,170 Total Remediation Cost for Estimate $25,008,329

Erosion Repair Cost: $16,053,408

Freeboard/Geometry Cost: $1,473,750

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,527,158

a

Remediated Length (%): 100

Length (%): 100

Length (%): 50

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $25,008,329173

Yolo Bypass West Levee Unit 3Segment/Reach: 174 Total Segment/Reach Length (Feet): 7,529

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,818,479

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,818,479 Total Remediation Cost for Estimate $17,996,943

Erosion Repair Cost: $15,178,464

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $15,178,464

a

Remediated Length (%): 40

Length (%): 100

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E

Total Remediation Cost Estimated for Segment/Reach $17,996,943174

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Knights Landing Ridge Cut - Unit 1Segment/Reach: 216 Total Segment/Reach Length (Feet): 35,061

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $26,151,795

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $26,151,795 Total Remediation Cost for Estimate $59,655,882

Erosion Repair Cost: $28,785,081

Freeboard/Geometry Cost: $4,719,005

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $33,504,086

a

Remediated Length (%): 90

Length (%): 50

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,905,884

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,905,884 Total Remediation Cost for Estimate $2,905,884

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $62,561,766216

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 84 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Knights Landing Ridge Cut - Unit 2Segment/Reach: 217 Total Segment/Reach Length (Feet): 34,868

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $27,838,258

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,838,258 Total Remediation Cost for Estimate $65,092,345

Erosion Repair Cost: $34,351,954

Freeboard/Geometry Cost: $2,902,133

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $37,254,087

a

Remediated Length (%): 89

Length (%): 60

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,798,204

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $9,151,712

Minimum Alternative Remediation Cost: $5,798,204 Total Remediation Cost for Estimate $5,798,204

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 11

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $70,890,549217

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Middle Creek - Unit 4 Alley Creek-ChannelSegment/Reach: 237 Total Segment/Reach Length (Feet): 6,874

Estimate Run: a

Combo Berm Cost: $1,509,844

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,509,844 Total Remediation Cost for Estimate $4,286,392

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,776,548

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $2,618,752

Category A

Subtotal Other Required Remediation Costs: $2,776,548

a

Remediated Length (%): 20

Length (%): 0

Length (%): 90

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,699,570

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,699,570 Total Remediation Cost for Estimate $1,699,570

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $5,985,963237

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

RD 0827 Unit 2Segment/Reach: 241 Total Segment/Reach Length (Feet): 14,784

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,585,135

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,585,135 Total Remediation Cost for Estimate $53,507,863

Erosion Repair Cost: $33,116,160

Freeboard/Geometry Cost: $6,806,568

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $39,922,728

a

Remediated Length (%): 70

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $13,020,461

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,821,341

Seepage Berm Cost: $0

DSM Wall Cost: $30,780,847

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,821,341 Total Remediation Cost for Estimate $5,821,341

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $59,329,204241

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Middle Creek - Unit 5 Alley Creek-ChannelSegment/Reach: 267 Total Segment/Reach Length (Feet): 5,392

Estimate Run: a

Combo Berm Cost: $4,336,967

Slurry Wall Cost: $6,252,406

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,336,967 Total Remediation Cost for Estimate $7,096,609

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,759,642

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,759,642

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $7,096,609267

Middle Creek - Unit 3b Scotts CreekSegment/Reach: 268 Total Segment/Reach Length (Feet): 7,164

Estimate Run: a

Combo Berm Cost: $825,804

Slurry Wall Cost: $940,031

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $825,804 Total Remediation Cost for Estimate $2,757,328

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,931,525

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,931,525

a

Remediated Length (%): 10

Length (%): 0

Length (%): 90

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,159,995

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,159,995 Total Remediation Cost for Estimate $4,159,995

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 90

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $6,917,323268

RD 1600 Unit 2Segment/Reach: 295 Total Segment/Reach Length (Feet): 22,176

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,976,958

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,976,958 Total Remediation Cost for Estimate $68,924,773

Erosion Repair Cost: $49,674,240

Freeboard/Geometry Cost: $8,273,575

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $57,947,815

a

Remediated Length (%): 40

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $36,931,625

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $36,931,625 Total Remediation Cost for Estimate $36,931,625

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $60,981,002

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Total Remediation Cost Estimated for Segment/Reach $105,856,398295

RD 2035 Unit 3 - Willow BypassSegment/Reach: 297 Total Segment/Reach Length (Feet): 12,925

Estimate Run: a

Combo Berm Cost: $18,971,684

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,971,684 Total Remediation Cost for Estimate $37,364,821

Erosion Repair Cost: $18,393,137

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $35,424,898

Category C

Subtotal Other Required Remediation Costs: $18,393,137

a

Remediated Length (%): 100

Length (%): 100

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Total Remediation Cost Estimated for Segment/Reach $37,364,821297

RD 0785 Unit 2Segment/Reach: 393 Total Segment/Reach Length (Feet): 17,424

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $20,361,015

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,361,015 Total Remediation Cost for Estimate $66,180,189

Erosion Repair Cost: $39,029,760

Freeboard/Geometry Cost: $6,789,414

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $45,819,174

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $66,180,189393

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Segment 1030Segment/Reach: 1030 Total Segment/Reach Length (Feet): 6,250

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,019,202

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,019,202

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,019,202

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $2,019,2021030

Segment 1031Segment/Reach: 1031 Total Segment/Reach Length (Feet): 20,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $7,752,789

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,752,789

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $7,752,789

a

Remediated Length (%): 0

Length (%): 0

Length (%): 50

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $7,752,7891031

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Brannan-Andrus LMD Unit 1Segment/Reach: 40 Total Segment/Reach Length (Feet): 31,798

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $8,775,814

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,775,814 Total Remediation Cost for Estimate $21,696,961

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $12,921,146

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $12,921,146

a

Remediated Length (%): 10

Length (%): 0

Length (%): 90

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $17,551,628

Drained Stability Berm Cost: $8,769,760

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,769,760 Total Remediation Cost for Estimate $8,769,760

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: c

Combo Berm Cost: $27,660,820

Slurry Wall Cost: $43,451,779

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,660,820 Total Remediation Cost for Estimate $27,660,820

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 55

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: d

Combo Berm Cost: $2,514,620

Slurry Wall Cost: $3,950,162

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,514,620 Total Remediation Cost for Estimate $2,514,620

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $60,642,16140

Maintenance Area No. 09Segment/Reach: 106 Total Segment/Reach Length (Feet): 46,690

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $34,398,162

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $34,398,162 Total Remediation Cost for Estimate $74,356,752

Erosion Repair Cost: $35,559,104

Freeboard/Geometry Cost: $4,399,486

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $39,958,590

a

Remediated Length (%): 10

Length (%): 40

Length (%): 25

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $33,336,303

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $99,769,171

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $33,336,303 Total Remediation Cost for Estimate $33,336,303

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $42,126,675

DSM Wall Cost: $133,025,562

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $42,126,675 Total Remediation Cost for Estimate $42,126,675

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,083,640

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,083,640 Total Remediation Cost for Estimate $10,083,640

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss

Total Remediation Cost Estimated for Segment/Reach $159,903,371106

RD 0003 Unit 1Segment/Reach: 113.1 Total Segment/Reach Length (Feet): 22,840

Estimate Run: a

Combo Berm Cost: $10,906,934

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,906,934 Total Remediation Cost for Estimate $20,116,022

Erosion Repair Cost: $9,209,088

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $20,265,956

Category B

Subtotal Other Required Remediation Costs: $9,209,088

a

Remediated Length (%): 20

Length (%): 20

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $10,906,934

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,906,934 Total Remediation Cost for Estimate $10,906,934

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $20,265,956

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,426,962

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,426,962 Total Remediation Cost for Estimate $2,426,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $12,134,808

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,134,808 Total Remediation Cost for Estimate $12,134,808

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $45,584,726113.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0003 Unit 1Segment/Reach: 113.2 Total Segment/Reach Length (Feet): 37,300

Estimate Run: a

Combo Berm Cost: $36,630,357

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $36,630,357 Total Remediation Cost for Estimate $53,340,757

Erosion Repair Cost: $16,710,400

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $58,021,838

Category B

Subtotal Other Required Remediation Costs: $16,710,400

a

Remediated Length (%): 30

Length (%): 20

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Estimate Run: b

Combo Berm Cost: $24,420,238

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $24,420,238 Total Remediation Cost for Estimate $24,420,238

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $38,213,994

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $43,472,771

Drained Stability Berm Cost: $23,115,018

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $23,115,018 Total Remediation Cost for Estimate $23,115,018

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $100,876,012113.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0150 Unit 1Segment/Reach: 117 Total Segment/Reach Length (Feet): 2,762

Estimate Run: a

Combo Berm Cost: $4,339,678

Slurry Wall Cost: $7,341,733

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,339,678 Total Remediation Cost for Estimate $4,998,598

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $658,920

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $658,920

a

Remediated Length (%): 100

Length (%): 0

Length (%): 80

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $4,998,598117

RD 0307Segment/Reach: 118 Total Segment/Reach Length (Feet): 34,588

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $101,518,634

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $101,518,634 Total Remediation Cost for Estimate $126,325,888

Erosion Repair Cost: $19,756,666

Freeboard/Geometry Cost: $5,050,588

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $24,807,254

a

Remediated Length (%): 40

Length (%): 30

Length (%): 35

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $22,447,998

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,447,998 Total Remediation Cost for Estimate $22,447,998

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,348,319

DSM Wall Cost: $24,706,614

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,348,319 Total Remediation Cost for Estimate $7,348,319

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,487,175

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,487,175 Total Remediation Cost for Estimate $3,487,175

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $159,609,380118

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0341 Unit 1Segment/Reach: 119 Total Segment/Reach Length (Feet): 17,501

Estimate Run: a

Combo Berm Cost: $33,405,978

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $33,405,978 Total Remediation Cost for Estimate $48,588,655

Erosion Repair Cost: $13,410,433

Freeboard/Geometry Cost: $1,772,243

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $69,745,830

Category B

Subtotal Other Required Remediation Costs: $15,182,676

a

Remediated Length (%): 100

Length (%): 50

Length (%): 25

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $48,588,655119

RD 0349 Unit 1Segment/Reach: 120 Total Segment/Reach Length (Feet): 8,324

Estimate Run: a

Combo Berm Cost: $7,824,145

Slurry Wall Cost: $11,901,089

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,824,145 Total Remediation Cost for Estimate $8,384,157

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $560,013

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $560,013

a

Remediated Length (%): 50

Length (%): 0

Length (%): 20

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,562,528

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,562,528 Total Remediation Cost for Estimate $3,562,528

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $11,946,685120

RD 0501 Unit 1Segment/Reach: 122 Total Segment/Reach Length (Feet): 15,246

Estimate Run: a

Combo Berm Cost: $13,428,116

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,428,116 Total Remediation Cost for Estimate $20,258,324

Erosion Repair Cost: $6,830,208

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $17,402,510

Category B

Subtotal Other Required Remediation Costs: $6,830,208

a

Remediated Length (%): 30

Length (%): 20

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Estimate Run: b

Combo Berm Cost: $13,428,116

Slurry Wall Cost: $17,255,916

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,428,116 Total Remediation Cost for Estimate $13,428,116

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $23,007,888

Drained Stability Berm Cost: $0

Seepage Berm Cost: $17,009,315

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,009,315 Total Remediation Cost for Estimate $17,009,315

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $50,695,756122

RD 0536 Unit 1Segment/Reach: 123.2 Total Segment/Reach Length (Feet): 22,800

Estimate Run: a

Combo Berm Cost: $2,461,411

Slurry Wall Cost: $3,587,233

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,461,411 Total Remediation Cost for Estimate $4,478,091

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,016,679

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,016,679

a

Remediated Length (%): 5

Length (%): 0

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG

Estimate Run: b

Combo Berm Cost: $22,152,700

Slurry Wall Cost: $32,285,101

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,152,700 Total Remediation Cost for Estimate $22,152,700

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 45

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 101 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,872,632

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,872,632 Total Remediation Cost for Estimate $6,872,632

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $33,503,422123.2

RD 0551Segment/Reach: 126 Total Segment/Reach Length (Feet): 35,833

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $38,938,891

Drained Stability Berm Cost: $0

Seepage Berm Cost: $25,760,887

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $25,760,887 Total Remediation Cost for Estimate $32,984,820

Erosion Repair Cost: $7,223,933

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $7,223,933

a

Remediated Length (%): 30

Length (%): 10

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $13,835,088

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,835,088 Total Remediation Cost for Estimate $13,835,088

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $46,819,908126

RD 0556 Unit 1Segment/Reach: 129 Total Segment/Reach Length (Feet): 28,936

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $10,349,783

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,392,241

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,392,241 Total Remediation Cost for Estimate $50,689,045

Erosion Repair Cost: $35,476,308

Freeboard/Geometry Cost: $7,820,496

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $43,296,804

a

Remediated Length (%): 15

Length (%): 80

Length (%): 70

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,648,890

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,648,890 Total Remediation Cost for Estimate $6,648,890

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,978,668

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,978,668 Total Remediation Cost for Estimate $7,978,668

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $65,316,604129

RD 0563Segment/Reach: 130 Total Segment/Reach Length (Feet): 64,111

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $17,974,783

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,974,783 Total Remediation Cost for Estimate $124,265,387

Erosion Repair Cost: $98,252,245

Freeboard/Geometry Cost: $8,038,359

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $106,290,604

a

Remediated Length (%): 30

Length (%): 100

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+E+FG

Estimate Run: b

Combo Berm Cost: $57,351,233

Slurry Wall Cost: $76,213,637

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $57,351,233 Total Remediation Cost for Estimate $57,351,233

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $11,983,189

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,983,189 Total Remediation Cost for Estimate $11,983,189

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $193,599,809130

RD 0755Segment/Reach: 131 Total Segment/Reach Length (Feet): 9,700

Estimate Run: a

Combo Berm Cost: $17,319,297

Slurry Wall Cost: $26,337,341

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,319,297 Total Remediation Cost for Estimate $22,859,937

Erosion Repair Cost: $5,540,640

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,540,640

a

Remediated Length (%): 80

Length (%): 30

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $980,211

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $980,211 Total Remediation Cost for Estimate $980,211

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $23,840,148131

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0755Segment/Reach: 132 Total Segment/Reach Length (Feet): 9,187

Estimate Run: a

Combo Berm Cost: $8,683,609

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $25,813,331

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,683,609 Total Remediation Cost for Estimate $12,387,807

Erosion Repair Cost: $3,704,198

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,704,198

a

Remediated Length (%): 40

Length (%): 20

Length (%): 20

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $12,387,807132

RD 0999 Unit 1Segment/Reach: 142 Total Segment/Reach Length (Feet): 81,471

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $60,132,043

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $60,132,043 Total Remediation Cost for Estimate $97,506,652

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $37,374,609

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $37,374,609

a

Remediated Length (%): 60

Length (%): 0

Length (%): 95

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $97,506,652142

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 1601Segment/Reach: 148 Total Segment/Reach Length (Feet): 13,683

Estimate Run: a

Combo Berm Cost: $29,206,006

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $29,206,006 Total Remediation Cost for Estimate $56,766,776

Erosion Repair Cost: $24,519,936

Freeboard/Geometry Cost: $3,040,834

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $47,587,925

Category B

Subtotal Other Required Remediation Costs: $27,560,770

a

Remediated Length (%): 80

Length (%): 80

Length (%): 50

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $4,798,076

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,798,076 Total Remediation Cost for Estimate $10,765,891

Erosion Repair Cost: $4,903,987

Freeboard/Geometry Cost: $1,063,828

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $9,023,334

Category B

Subtotal Other Required Remediation Costs: $5,967,815

b

Remediated Length (%): 20

Length (%): 20

Length (%): 20

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $67,532,667148

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2060 Unit 1Segment/Reach: 151.1 Total Segment/Reach Length (Feet): 25,648

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,381,780

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,381,780 Total Remediation Cost for Estimate $53,342,996

Erosion Repair Cost: $45,961,216

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $45,961,216

a

Remediated Length (%): 30

Length (%): 100

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: b

Combo Berm Cost: $35,868,089

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $35,868,089 Total Remediation Cost for Estimate $35,868,089

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $66,101,556

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 70

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Total Remediation Cost Estimated for Segment/Reach $89,211,085151.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2060 Unit 1Segment/Reach: 151.2 Total Segment/Reach Length (Feet): 11,041

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,356,734

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,654,939

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,654,939 Total Remediation Cost for Estimate $1,654,939

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $1,654,939151.2

RD 2068 Unit 1Segment/Reach: 152 Total Segment/Reach Length (Feet): 29,213

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,291,309

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,291,309 Total Remediation Cost for Estimate $35,042,500

Erosion Repair Cost: $17,907,959

Freeboard/Geometry Cost: $9,843,232

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,751,190

a

Remediated Length (%): 30

Length (%): 40

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $35,042,500152

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 109 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2098 Unit 1Segment/Reach: 153.1 Total Segment/Reach Length (Feet): 16,796

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,717,834

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,717,834 Total Remediation Cost for Estimate $33,111,821

Erosion Repair Cost: $18,811,520

Freeboard/Geometry Cost: $6,582,467

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $25,393,987

a

Remediated Length (%): 40

Length (%): 50

Length (%): 100

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $33,111,821153.1

RD 2098 Unit 1Segment/Reach: 153.2 Total Segment/Reach Length (Feet): 500

Estimate Run: a

Combo Berm Cost: $1,326,522

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,326,522 Total Remediation Cost for Estimate $1,545,477

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $218,955

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $1,973,322

Category A

Subtotal Other Required Remediation Costs: $218,955

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Total Remediation Cost Estimated for Segment/Reach $1,545,477153.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2104 - Hass SloughSegment/Reach: 155 Total Segment/Reach Length (Feet): 17,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,893,085

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,893,085 Total Remediation Cost for Estimate $14,215,552

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,322,468

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $7,322,468

a

Remediated Length (%): 50

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $14,215,552155

RD 0999 Unit 5Segment/Reach: 244 Total Segment/Reach Length (Feet): 49,963

Estimate Run: a

Combo Berm Cost: $37,822,340

Slurry Wall Cost: $40,228,369

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $37,822,340 Total Remediation Cost for Estimate $76,023,342

Erosion Repair Cost: $38,051,821

Freeboard/Geometry Cost: $149,182

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $38,201,003

a

Remediated Length (%): 30

Length (%): 40

Length (%): 1

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $33,142,630

Drained Stability Berm Cost: $21,570,979

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $21,570,979 Total Remediation Cost for Estimate $21,570,979

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $97,594,321244

RD 2098 Unit 4Segment/Reach: 249 Total Segment/Reach Length (Feet): 15,569

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,838,314

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,838,314 Total Remediation Cost for Estimate $5,815,330

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,977,016

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,977,016

a

Remediated Length (%): 30

Length (%): 0

Length (%): 85

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $5,815,330249

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2104 - west leveeSegment/Reach: 251 Total Segment/Reach Length (Feet): 18,552

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,661,963

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,661,963 Total Remediation Cost for Estimate $9,407,530

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,745,567

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,745,567

a

Remediated Length (%): 50

Length (%): 0

Length (%): 40

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $9,407,530251

RD 0999 Unit 4Segment/Reach: 303 Total Segment/Reach Length (Feet): 6,508

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $14,472,434

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,472,434 Total Remediation Cost for Estimate $18,189,803

Erosion Repair Cost: $3,717,370

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,717,370

a

Remediated Length (%): 30

Length (%): 30

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E

Total Remediation Cost Estimated for Segment/Reach $18,189,803303

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0999 Unit 2Segment/Reach: 304 Total Segment/Reach Length (Feet): 12,062

Estimate Run: a

Combo Berm Cost: $7,046,302

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,046,302 Total Remediation Cost for Estimate $9,914,634

Erosion Repair Cost: $2,701,888

Freeboard/Geometry Cost: $166,444

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $10,209,140

Category B

Subtotal Other Required Remediation Costs: $2,868,332

a

Remediated Length (%): 20

Length (%): 10

Length (%): 3

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,698,930

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,698,930 Total Remediation Cost for Estimate $6,698,930

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $11,039,676

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,788,636

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,788,636 Total Remediation Cost for Estimate $9,788,636

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $26,402,199304

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0999 Unit 3Segment/Reach: 305 Total Segment/Reach Length (Feet): 19,772

Estimate Run: a

Combo Berm Cost: $11,690,511

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,690,511 Total Remediation Cost for Estimate $27,075,951

Erosion Repair Cost: $15,058,355

Freeboard/Geometry Cost: $327,085

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $25,837,911

Category B

Subtotal Other Required Remediation Costs: $15,385,440

a

Remediated Length (%): 30

Length (%): 40

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $22,758,912

Slurry Wall Cost: $34,676,639

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,758,912 Total Remediation Cost for Estimate $22,758,912

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $49,834,863305

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0150 Unit 2Segment/Reach: 306 Total Segment/Reach Length (Feet): 41,275

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $45,984,737

DSM Wall Cost: $145,019,865

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,984,737 Total Remediation Cost for Estimate $73,311,579

Erosion Repair Cost: $23,576,280

Freeboard/Geometry Cost: $3,750,563

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,326,843

a

Remediated Length (%): 50

Length (%): 30

Length (%): 25

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $16,852,970

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $16,852,970 Total Remediation Cost for Estimate $16,852,970

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $30,092,357

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $30,092,357 Total Remediation Cost for Estimate $30,092,357

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $120,256,906306

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0349 Unit 2Segment/Reach: 307 Total Segment/Reach Length (Feet): 22,873

Estimate Run: a

Combo Berm Cost: $22,441,796

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,441,796 Total Remediation Cost for Estimate $32,869,955

Erosion Repair Cost: $9,222,394

Freeboard/Geometry Cost: $1,205,765

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $34,915,231

Category B

Subtotal Other Required Remediation Costs: $10,428,159

a

Remediated Length (%): 30

Length (%): 20

Length (%): 15

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $5,521,311

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,521,311 Total Remediation Cost for Estimate $5,521,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $9,728,636

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,267,209

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,267,209 Total Remediation Cost for Estimate $13,267,209

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $51,658,475307

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0501 Unit 2Segment/Reach: 308 Total Segment/Reach Length (Feet): 18,814

Estimate Run: a

Combo Berm Cost: $26,762,539

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,460,553

Seepage Berm Cost: $0

DSM Wall Cost: $55,771,575

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,460,553 Total Remediation Cost for Estimate $28,246,346

Erosion Repair Cost: $12,643,008

Freeboard/Geometry Cost: $5,142,785

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,785,793

a

Remediated Length (%): 40

Length (%): 30

Length (%): 85

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $13,381,269

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,230,277

Seepage Berm Cost: $0

DSM Wall Cost: $27,885,787

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,230,277 Total Remediation Cost for Estimate $5,230,277

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $16,389,423

Drained Stability Berm Cost: $10,072,997

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,072,997 Total Remediation Cost for Estimate $10,072,997

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $43,549,619308

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0501 Unit 3Segment/Reach: 309 Total Segment/Reach Length (Feet): 40,668

Estimate Run: a

Combo Berm Cost: $83,924,115

Slurry Wall Cost: $0

Drained Stability Berm Cost: $32,510,739

Seepage Berm Cost: $0

DSM Wall Cost: $183,711,666

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $32,510,739 Total Remediation Cost for Estimate $78,703,837

Erosion Repair Cost: $45,548,160

Freeboard/Geometry Cost: $644,938

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $46,193,098

a

Remediated Length (%): 60

Length (%): 50

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $13,987,353

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,418,457

Seepage Berm Cost: $0

DSM Wall Cost: $29,448,298

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,418,457 Total Remediation Cost for Estimate $5,418,457

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $26,022,666

Seepage Berm Cost: $0

DSM Wall Cost: $58,896,597

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $26,022,666 Total Remediation Cost for Estimate $26,022,666

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $9,575,623

Drained Stability Berm Cost: $5,418,457

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,418,457 Total Remediation Cost for Estimate $5,418,457

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $115,563,417309

RD 0501 Unit 4Segment/Reach: 310 Total Segment/Reach Length (Feet): 12,039

Estimate Run: a

Combo Berm Cost: $15,934,026

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,934,026 Total Remediation Cost for Estimate $16,128,475

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $194,449

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $27,605,727

Category A

Subtotal Other Required Remediation Costs: $194,449

a

Remediated Length (%): 60

Length (%): 0

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $10,237,889

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,552,006

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,552,006 Total Remediation Cost for Estimate $7,552,006

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,223,563

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,223,563 Total Remediation Cost for Estimate $1,223,563

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $24,904,044310

RD 2068 Unit 2Segment/Reach: 311 Total Segment/Reach Length (Feet): 17,350

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,598,735

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,598,735

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,598,735

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $3,598,735311

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2098 Unit 3Segment/Reach: 312 Total Segment/Reach Length (Feet): 10,222

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,079,952

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,079,952 Total Remediation Cost for Estimate $14,521,469

Erosion Repair Cost: $9,158,912

Freeboard/Geometry Cost: $282,605

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $9,441,517

a

Remediated Length (%): 60

Length (%): 50

Length (%): 10

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $14,521,469312

RD 2098 Unit 2Segment/Reach: 313 Total Segment/Reach Length (Feet): 9,981

Estimate Run: a

Combo Berm Cost: $2,277,565

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,277,565 Total Remediation Cost for Estimate $8,907,208

Erosion Repair Cost: $5,701,147

Freeboard/Geometry Cost: $928,496

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $7,143,828

Category B

Subtotal Other Required Remediation Costs: $6,629,643

a

Remediated Length (%): 20

Length (%): 30

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,357,685

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,357,685 Total Remediation Cost for Estimate $7,357,685

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 80

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $16,264,893313

RD 2060 Unit 3aSegment/Reach: 314 Total Segment/Reach Length (Feet): 23,324

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,615,118

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,615,118 Total Remediation Cost for Estimate $43,164,670

Erosion Repair Cost: $33,855,252

Freeboard/Geometry Cost: $2,694,300

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $36,549,552

a

Remediated Length (%): 35

Length (%): 60

Length (%): 15

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,830,304

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,830,304

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,830,304

b

Remediated Length (%): 0

Length (%): 0

Length (%): 55

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $46,994,974314

RD 2060 Unit 2Segment/Reach: 315 Total Segment/Reach Length (Feet): 19,059

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,288,147

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,288,147 Total Remediation Cost for Estimate $7,964,551

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,676,404

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,676,404

a

Remediated Length (%): 30

Length (%): 0

Length (%): 45

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $7,964,551315

RD 0536 Unit 2Segment/Reach: 316.1 Total Segment/Reach Length (Feet): 18,041

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,094,801

Drained Stability Berm Cost: $0

Seepage Berm Cost: $4,522,822

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,522,822 Total Remediation Cost for Estimate $10,105,279

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,582,457

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,582,457

a

Remediated Length (%): 10

Length (%): 0

Length (%): 95

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $19,434,320

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $19,434,320 Total Remediation Cost for Estimate $19,434,320

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $32,440,788

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,049,429

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,049,429 Total Remediation Cost for Estimate $4,049,429

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $33,589,028316.1

RD 0536 Unit 2Segment/Reach: 316.2 Total Segment/Reach Length (Feet): 8,250

Estimate Run: a

Combo Berm Cost: $7,032,321

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,032,321 Total Remediation Cost for Estimate $8,928,759

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,896,439

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $13,139,063

Category A

Subtotal Other Required Remediation Costs: $1,896,439

a

Remediated Length (%): 50

Length (%): 0

Length (%): 80

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $4,219,392

Slurry Wall Cost: $5,726,878

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,219,392 Total Remediation Cost for Estimate $4,219,392

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $13,148,152316.2

Brannan-Andrus LMD Unit 2Segment/Reach: 378 Total Segment/Reach Length (Feet): 60,897

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,086,417

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,086,417 Total Remediation Cost for Estimate $31,779,339

Erosion Repair Cost: $18,692,922

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $18,692,922

a

Remediated Length (%): 30

Length (%): 20

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $8,724,278

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,724,278 Total Remediation Cost for Estimate $8,724,278

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $10,734,118

Drained Stability Berm Cost: $7,933,871

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,933,871 Total Remediation Cost for Estimate $7,933,871

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $48,437,488378

RD 0003 Unit 2Segment/Reach: 384.1 Total Segment/Reach Length (Feet): 6,000

Estimate Run: a

Combo Berm Cost: $14,343,243

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,060,130

Seepage Berm Cost: $0

DSM Wall Cost: $42,730,317

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,060,130 Total Remediation Cost for Estimate $6,060,130

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss

Total Remediation Cost Estimated for Segment/Reach $6,060,130384.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Sacramento River Right Bank LeveeSegment/Reach: 384.2 Total Segment/Reach Length (Feet): 85,620

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $31,696,018

DSM Wall Cost: $94,455,066

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $31,696,018 Total Remediation Cost for Estimate $31,696,018

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 16

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $31,696,018384.2

RD 0150 Unit 3Segment/Reach: 386 Total Segment/Reach Length (Feet): 49,612

Estimate Run: a

Combo Berm Cost: $43,759,249

Slurry Wall Cost: $45,135,546

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $43,759,249 Total Remediation Cost for Estimate $104,521,145

Erosion Repair Cost: $50,008,896

Freeboard/Geometry Cost: $10,753,000

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $60,761,896

a

Remediated Length (%): 30

Length (%): 50

Length (%): 65

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $23,165,721

Drained Stability Berm Cost: $14,336,551

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,336,551 Total Remediation Cost for Estimate $14,336,551

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $118,857,696386

RD 0341 Unit 2Segment/Reach: 387 Total Segment/Reach Length (Feet): 33,117

Estimate Run: a

Combo Berm Cost: $71,836,397

Slurry Wall Cost: $109,655,540

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $71,836,397 Total Remediation Cost for Estimate $142,360,017

Erosion Repair Cost: $66,763,872

Freeboard/Geometry Cost: $3,759,748

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $70,523,620

a

Remediated Length (%): 100

Length (%): 100

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $142,360,017387

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

RD 0349 Unit 3Segment/Reach: 388 Total Segment/Reach Length (Feet): 34,345

Estimate Run: a

Combo Berm Cost: $51,128,694

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $51,128,694 Total Remediation Cost for Estimate $75,751,023

Erosion Repair Cost: $23,079,840

Freeboard/Geometry Cost: $1,542,489

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $68,763,385

Category B

Subtotal Other Required Remediation Costs: $24,622,329

a

Remediated Length (%): 50

Length (%): 30

Length (%): 15

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $8,742,090

Drained Stability Berm Cost: $0

Seepage Berm Cost: $6,814,947

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,814,947 Total Remediation Cost for Estimate $6,814,947

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $82,565,971388

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

RD 0556 Unit 2Segment/Reach: 390 Total Segment/Reach Length (Feet): 30,259

Estimate Run: a

Combo Berm Cost: $14,394,143

Slurry Wall Cost: $20,347,795

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,394,143 Total Remediation Cost for Estimate $26,594,571

Erosion Repair Cost: $12,200,429

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $12,200,429

a

Remediated Length (%): 20

Length (%): 20

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $40,695,590

Drained Stability Berm Cost: $0

Seepage Berm Cost: $27,535,492

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,535,492 Total Remediation Cost for Estimate $27,535,492

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $12,632,037

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,632,037 Total Remediation Cost for Estimate $12,632,037

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $66,762,100390

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Segment 1036Segment/Reach: 1036 Total Segment/Reach Length (Feet): 34,150

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $16,861,169

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $16,861,169

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $16,861,169

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $16,861,1691036

Segment 1040Segment/Reach: 1040 Total Segment/Reach Length (Feet): 7,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $9,950,852

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,097,688

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,097,688 Total Remediation Cost for Estimate $10,052,619

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $954,931

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $954,931

a

Remediated Length (%): 40

Length (%): 0

Length (%): 65

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $6,919,954

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,070,782

Seepage Berm Cost: $0

DSM Wall Cost: $15,757,973

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,070,782 Total Remediation Cost for Estimate $3,070,782

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $13,123,4011040

Snodgrass Slough Right Bank LeveeSegment/Reach: 1041 Total Segment/Reach Length (Feet): 31,200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $19,116,008

Drained Stability Berm Cost: $0

Seepage Berm Cost: $16,880,868

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $16,880,868 Total Remediation Cost for Estimate $20,638,737

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,757,869

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,757,869

a

Remediated Length (%): 20

Length (%): 0

Length (%): 50

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: b

Combo Berm Cost: $35,480,753

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $35,480,753 Total Remediation Cost for Estimate $35,480,753

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $46,438,695

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 133 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $23,641,840

Drained Stability Berm Cost: $0

Seepage Berm Cost: $25,452,421

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $23,641,840 Total Remediation Cost for Estimate $23,641,840

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $79,761,3301041

North Fork Mokelumne River Right BankSegment/Reach: 1043 Total Segment/Reach Length (Feet): 51,550

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $91,566,161

Drained Stability Berm Cost: $0

Seepage Berm Cost: $66,534,793

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $66,534,793 Total Remediation Cost for Estimate $139,382,508

Erosion Repair Cost: $57,736,000

Freeboard/Geometry Cost: $15,111,714

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category LD

Subtotal Other Required Remediation Costs: $72,847,714

a

Remediated Length (%): 50

Length (%): 50

Length (%): 95

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $73,067,759

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $73,067,759 Total Remediation Cost for Estimate $73,067,759

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $123,673,399

Category LD

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $212,450,2671043

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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SOUTH NON-URBAN LEVEE EVALUATIONS (NULE) PROJECT 

REMEDIATION ALTERNATIVES AND COST ESTIMATE REPORT (RACER) 
 

 
Date: December 23, 2010 

To: Hamid Bonakdar, Chief, Non-Urban Levee Evaluations Branch, DWR 
Vincent Rodriguez, Task Order Manager, DWR 

From: Ron Heinzen, Kleinfelder 
Fran Bean, Kleinfelder 
 

Reviewed By: Pat Dell, Neil O. Anderson and Associates 

Contract: 4600008102, Task Order K107 

Subject: Preliminary Estimate of Levee Remediation Costs for South NULE Levees 

 
1.0 BACKGROUND AND SCOPE 

DWR is undertaking a program to determine the approximate cost to repair non-urban Project and Non-
Project levees in the Sacramento (North NULE Study Area) and San Joaquin (South NULE Study Area) 
river systems. Under separate agreements with DWR, URS is responsible for preparing cost estimates for 
the North NULE Study Area and Kleinfelder is responsible for preparing estimates for the South NULE 
Study Area. This memorandum includes estimated costs for repair in the South NULE Study Area.  

Task Order K107 includes providing geotechnical, civil engineering, and cost estimating support services 
for DWR. These services also entail preparing a Remediation Alternatives and Cost Estimate Report 
(RACER) for the South NULE Study Area.  Task Order K107 is comprised of five tasks; this memorandum 
documents and transmits work completed under the first two tasks: 

� Task K107-1 (1a and 1b): Identification of Remediation Alternatives and Development of Unit Costs 
for Project and Non-Project Levees 

� Task K107-2 (2a and 2b): Selection of Remediation Alternatives and Development of Cost Estimates 
for Project and Non-Project Levee Sections 

As part of Task K107-1, Kleinfelder supported URS in updating the Draft Parametric Cost Estimating Tool 
(Estimating Tool) originally developed by URS in 2008. This update created a consistent methodology for 
generating levee repair alternative cost estimates.  

Under Task K107-2, Kleinfelder selected levee remediation alternatives for levee segments in the South 
NULE Study Area. These remediation alternatives addressed hazards and/or deficiencies identified in the 
May 2010 Draft Phase 1 Geotechnical Assessment Report (GAR), and determined likely conceptual, 
planning-level remediation costs using the Estimating Tool. The Draft GAR identified through seepage, 
underseepage, stability, and erosion hazards, and freeboard/geometry deficiencies that could exist along 
levee segments for the assessed water level. As discussed in the Draft GAR, the assessments were 
based on limited, existing surface and subsurface levee data and past performance history. The work 
performed under both Tasks K107-1 and K107-2, including cost estimating results, is summarized in this 
memorandum. 

This memorandum serves as an interim report. The final RACER will be completed approximately one 
month after the final GAR is complete, as identified on the NULE Project’s current deliverables schedule. 
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Cost estimates for the remediation of levees in the South NULE Study Area presented in this 
memorandum provide a base case for future flood mitigation planning by DWR. These estimates reflect 
costs to remediate hazards and freeboard/geometry deficiencies identified in the South NULE Draft GAR.   
Parameters applied to remediation of freeboard/geometry deficiencies are based on applicable geometric 
and freeboard requirements as described in available design data (See Project Memorandum, Data 
Available for Design Criteria for Use in the South NULE Study Area, Kleinfelder, September 25, 2009).  
Parameters applied to remediation of hazards identified in the GAR are based on the assessed water 
surface elevations described in the Draft GAR. 

2.0 TECHNICAL APPROACH TEAM MEETINGS 

A series of 13 Technical Approach Team (TAT) meetings were conducted between June and October 
2010 to address and resolve administrative and technical questions identified during the execution of the 
remediation selection and cost estimating work. The TAT, led by URS, was composed of DWR, URS, and 
Kleinfelder representatives to ensure North NULE Study Area and South NULE Study Area work was 
being performed consistently, that both study area teams received the same direction from DWR, and 
that both interim and final cost estimating work products would be similar in format and content.  Each 
TAT meeting was documented with an agenda, meeting notes, and a list of action items assigned during 
the meetings. 

3.0 TASK K107-1, IDENTIFICATION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT 
OF UNIT COSTS FOR PROJECT AND NON-PROJECT LEVEES 

3.1 Key Estimating Assumptions 

Based upon issues, questions discussed, and recommendations made during the first few TAT meetings, 
URS developed a draft list of key estimating assumptions applicable to the work (see Attachment 1 for 
complete list). Some key assumptions are discussed below. 

3.1.1 Environmental Mitigation 

The original Estimating Tool included a rigorous consideration of potential biological impacts and site 
conditions along a levee segment or reach to estimate an environmental impact cost expressed as a 
percentage of the direct construction cost. Due to lack of site-specific information, and lack of time to 
develop specific data, the current Estimating Tool was modified to include only two mitigation 
percentages: 25 and 35 percent. The higher percentage was applied to locations where endangered or 
threatened species (or their critical habitats) have been documented, where wetland conditions are 
anticipated, or where erosion repairs recommended on main river system levees have the potential to 
impact fish populations. The lower percentage was used for all other segments. The categorizations were 
based on readily-available information, such as County General Plans, and were reviewed by a 
Kleinfelder biologist. This method and its application were agreed upon in a meeting with a DWR biologist 
and by TAT participants. 

3.1.2 Land Acquisition 

The estimate includes allowances for temporary and permanent easement acquisitions required for each 
remediation.  Figure 1 shows basic land acquisition requirements for the various seepage/stability berm 
and seepage cutoff wall remediations. Allowances include land required for the remediation, for a 20-foot 
wide permanent Central Valley Flood Protection Board easement along the landside toe, and for a 5-foot 
additional temporary easement. Because of the lack of available easement data for many rural levee 
segments in the NULE Project area, estimates for this Memorandum assume that no easements currently 
exist. 
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The TAT identified four categories of land use: 

� Agricultural 

� Orchard 

� Commercial 

� Residential 

Included in Attachment 1 are the input cost parameters for each of these land uses. When assigning 
remediations to a levee segment, an estimate of the percentage of each land category potentially 
impacted by the remediation was determined. These percentages are input parameters to the Estimating 
Tool. The tool calculates a composite real estate rate per acre based on the input percentages, and uses 
this rate to estimate real estate costs for the remediation alternative’s required area. 

3.1.3 Rock Slope Protection for Erosion Remediation 

As agreed upon by TAT participants, only rock slope protection was considered for waterside erosion 
remediation.  Rock slope protection costs were estimated assuming the full lengths of erosion hazards 
specified in the Draft GAR.  Since this cost is significant, the cost for limiting rock slope protection to 
approximately 20 percent of the length specified in the Draft GAR is also presented in this memorandum. 
This 20 percent factor conservatively represents the length requiring immediate attention based on a 
review of the current approach being used by local levee Reclamation and Maintenance Districts to 
address critical repair sites. Remediation in other areas (beyond the 20 percent factor) would be assumed 
completed as ongoing maintenance activities. Unit rates for rock and rock installation typical for non-state 
or federal projects were used to estimate costs, rather than using higher rates often associated with 
emergency levee repairs conducted by DWR. 

3.1.4 Revegetation 

For estimates presented in this memorandum, revegetation of disturbed areas and new construction 
areas (other than rock slope protection areas) was limited to hydroseeding, consistent with recent levee 
remediation projects. The cost for special plantings, irrigation systems, and ongoing maintenance, 
included as part of the emergency levee repair program, is not reflected in the estimates presented in this 
memorandum. 

3.1.5 Escalation 

Cost estimates include escalation for one year, from October 2010 to October 2011, as requested by the 
Central Valley Flood Protection Planning Group. Escalation is assumed at 3 percent per year. 

3.1.6 Other Direct and Indirect Costs 

In addition to escalation, estimates provided with this memorandum include appropriate allowances for 
engineering and design, engineering support during construction, construction management, and owner 
legal costs. The respective factors for these costs are presented in Attachment 1. 

3.1.7 Levee Segments Not Covered by the Draft GAR 

Based on current segment counts, there are 9 levee segments totaling approximately 28 miles in the 
South NULE Study Area that are not included in the Draft GAR due to lack of access or other 
programmatic reasons. These segments have an average length of approximately 3 miles, representing 
about 5 percent of the total levee length in the South NULE study area. No cost allowance to cover the 
additional segments is currently included in the estimates presented in the tables in this Memorandum. 
However, an estimated cost for the remediation of the additional segments is included in Section 5.2. 
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These segments are currently being evaluated and specific remediation cost estimates will be included 
for these segments as part of the final RACER. 

3.1.8 Burrowing Animal Infestation 

Numerous levee segments are identified in the Draft GAR as having significant burrowing animal 
infestation. As agreed upon by TAT participants, such infestations were not taken as a cause for 
remediation by themselves. No costs to treat burrowing animal infestations are included in the attached 
estimated remediation costs.  

DWR provided approximate maintenance costs associated with treating burrowing animal infestations 
based on the evaluation of historical data associated with a 23-mile levee reach. The results of that 
evaluation indicate that the material, equipment, and labor costs for one treatment cycle can range from 
$2,000 to $3,000 per mile. The need for additional treatment cycles for non-urban levees, especially 
where adjacent to orchards, is likely.  

3.1.9 Guidance for Defining Dimensions For Slurry Walls and Seepage Berms for Estimating 

There are locations in the South NULE Study Area where the width of seepage berm or depth of slurry 
wall cannot be determined based on available information. In such cases, an approximation method was 
used to select default wall depths and seepage berm widths that would provide comparable levels of 
protection. Selections of wall depth and berm width were based on landside height of levee and were 
agreed upon by TAT participants. Width and depth selection criteria are discussed further in the Key 
Estimating Assumptions (Attachment 1). 

The assumptions described above and those documented in Attachment 1 were reviewed and agreed 
upon by TAT participants as appropriate for a conceptual planning effort considering the limited physical 
and geotechnical data and a lack of specific remediation designs. Because of these limitations, 
Kleinfelder recommends the estimates presented in this memorandum are solely used as a tool for levee 
remediation program planning. These cost estimates should not be used for actual construction 
budget planning for specific segments.  

3.2 Estimating Tool Background And Update 

In 2008, URS developed a draft version of the Estimating Tool to prepare conceptual-level cost estimates 
to remediate seepage, stability, and erosion deficiencies. The Estimating Tool included 20 alternative 
remediations for seepage, six remediations for stability, and six remediations for erosion. In addition to 
the direct civil construction costs for major work items, the Estimating Tool also included estimates for 
significant indirect cost items, such as engineering and design, construction management, site 
restoration, environmental mitigation, temporary and permanent real estate acquisitions, permitting/legal 
costs, escalation, and contingency.  

The 2008 Estimating Tool was the starting point for developing and refining a simplified version used to 
prepare the estimates described in this memorandum. Simplification entailed reducing the number of 
remediation options available as described in Section 3.4 and simplifying the routine to estimate 
environmental impact costs and rock slope protection costs for erosion remediation. The amount of input 
data required to prepare an estimate was also reduced by incorporating more capability into the 
programming. New programming maximized the internal calculation of quantities for standardized 
alternative templates using readily-available average levee dimensions along a segment or reach. 
Simplifications to the Estimating Tool are warranted and commensurate with the limited information 
available to prepare the Draft GAR. The Estimating Tool was discussed at several TAT meetings; a 
version was provided to DWR for review and comment before production estimating began. 

The original Estimating Tool did not include alternatives to remediate freeboard and geometry 
deficiencies.  A standardized freeboard and geometry template was added to the Estimating Tool to 
prepare freeboard and geometry estimates presented in this memorandum.  
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3.3 Unit Rates for Estimating 

Unit rates used in the Estimating Tool are generally the same rates used in the 2008 version. Rates were 
updated in several instances to reflect recent bid results and other estimating experience on levee 
remediation projects in northern California. Caution was used to avoid adopting any highly competitive 
lower rates common during the recent economic downturn.  

3.4 Identifying Remediation Alternatives 

From TAT discussions, and as noted previously, it was determined that only eight alternative 
remediations would be included in the Estimating Tool. These remediations could be used individually, or 
in combinations, to address the hazards and/or deficiencies identified in the Draft GAR. The eight 
alternative remediations are: 

Alternative Type of Deficiency Remediated 

Drained stability berm Through seepage and stability  

Seepage berm Underseepage  

Combination drained stability and seepage berm Through seepage, underseepage, and stability  

Conventional soil-bentonite slurry wall (up to 70’ 
remediation depth) 

Through seepage and underseepage  

Deep Soil Mixing (DSM) wall  
(greater than 70’ remediation depth ) 

Through seepage and underseepage  

Rock slope protection Waterside erosion  

Replacement levee Through seepage and stability  

Freeboard/geometry remediation Freeboard and/or geometry  

 
Typical remediation details for berms and seepage cutoff walls are shown on Figure 2. Lettered 
dimensions on Figure 2 are those typically used as input for the Estimating Tool. Figures 3 and 4 illustrate 
typical details for erosion and freeboard/geometry remediation. Different remediation combinations could 
be used to provide alternative remediation sets for comparison and selection of the minimum cost. For 
example, a slurry wall and stability berm combination could be compared against a combination berm 
where underseepage, through seepage, and stability deficiencies exist.  

3.5 Miscellaneous Remediations 

Additional remediation costs associated with the anomalous hazards identified in the Draft GAR are also 
included in cost estimate summaries. These costs have been differentiated from overall remediation costs 
as miscellaneous costs when they require a distinct remediation alternative. Other potential 
miscellaneous costs, such as sheet piling around a pump station or relocation of penetrations or ditches, 
were reviewed and generally incorporated into the unallocated cost rating in the Estimating Tool. Also 
considered in this category are major cost items not included in the basic Estimating Tool, such as 
reconstruction of paved roads on levees where road removal and replacement is required for slurry wall 
construction. However, in general, the impact of such potential costs was considered during the 
remediation alternative selection process.   

3.6 Levee Segments Evaluated 

Currently, there are 113 levee segments in the South NULE study area. Of these, 104 segments were 
included in the Draft GAR, encompassing approximately 530 miles of levee. The remaining nine 
segments (28 miles) are not included due to lack of entry for inspections or other programmatic reasons.  
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Of the 104 levee segments assessed, 20 were assigned to Hazard Category A (no failure modes 
requiring remediation). The remaining 84 segments were assigned to Hazard Categories B, C, or LD for 
one or more potential failure modes. Of the 20 segments assigned to Hazard Category A, eight were 
found to have geometry or freeboard deficiencies. Remediation alternatives were selected and cost 
estimates were prepared for each of the hazards and/or deficiencies identified in the Draft GAR.  

4.0 TASK K107-2, SELECTION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT OF 
COST ESTIMATES FOR PROJECT AND NON-PROJECT LEVEE SECTIONS  

4.1 Selecting Remediation Alternatives 

Geotechnical data obtained for the Draft GAR were reviewed and organized for use during remediation 
alternative selection. The Draft GAR results and applicable data were reviewed by Kleinfelder’s Senior 
Review Team, comprised of the Senior Geotechnical Engineers that reviewed the conclusions presented 
in the GAR. The Senior Review team selected appropriate remediation alternatives and specific 
parameters (e.g., slurry wall depth). Representatives of DWR and URS also attended several of the 
South NULE Remediation Alternative Selection sessions to ensure consistency with the NULE 
programmatic needs and North NULE remediation cost estimating.    

The results of the review sessions were documented on a standardized Remediation Selection Form 
(Figure 5), identifying the selected remediation, including an alternative where possible, and associated 
parameters required for the estimate (e.g., length, depth, width of the remediation, etc.). 

Hazards and/or deficiencies identified in the Draft GAR were assumed to require remediation. 

4.2 Preparing Cost Estimates 

Geotechnical data gathered during the geotechnical assessments and specific parameters determined by 
the Senior Review team were entered into the Estimating Tool to prepare estimates for the selected 
remediation alternatives.  

4.3 Compiling Estimate Data For Presentation 

Because of the large volume of estimating data generated, a Microsoft Access database was used to 
compile the results. The database was then used to tabulate the results in a series of summary tables 
that are discussed further in Section 5.0. The content and format of the summary tables were discussed 
at TAT meetings and the table formats were approved before the tables were finalized. The database 
evaluated the cost of alternatives to remediate hazards and/or deficiencies and selected the minimum 
cost remediation, which was then carried forward to the various tables described in Section 5.0.  

5.0 OPINION OF PROBABLE COST 

5.1 Remediation Costs for Levee Segments 

Estimating results are presented in four tables presented at the end of this Memorandum. As discussed 
during the TAT meetings, costs are segregated based upon the type of remediation required as follows: 

�  Structural Remediations (addressing through seepage, underseepage, and stability hazards) 

�  Waterside Erosion Remediations 

�  Freeboard and Geometry Remediations 

For each type of remediation, costs are typically sorted and grouped first by GAR Study Area (i.e., 1, 2, 
and 3), then by overall Hazard Categorization (i.e., A, B, C, or LD), then by segment number and name 
(e.g., Segment 189, RD 544 Unit 1).  
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Table 1 provides an overall summary of costs by GAR study area, Hazard Level Categorization, and 
remediation type. Table 1 also includes miscellaneous costs associated with anomalous hazards 
identified in the Draft GAR. 

Table 2 provides the summary of costs specifically for the structural remediations to address through 
seepage, underseepage, and stability deficiencies.  

Table 3 provides the summary of costs specifically for erosion remediations. As noted previously, these 
costs were developed assuming the erosion hazard lengths identified in the Draft GAR were repaired. 
This represents an upper bound estimate of the erosion remediation cost. A lower bound cost estimate 
was also estimated by assuming that only about 20-percent of the erosion hazard length specified in the 
Draft GAR is remediated immediately, and the remainder is remediated on an on-going basis using 
maintenance budgets. This would result in reducing the costs provided in Table 3 by 80 percent. Another 
approach to remediating erosion might be to remediate only Hazard Category C segments, leaving 
Categories B and LD to be remediated as an on-going maintenance activity. These costing approaches 
are summarized as follows: 

Possible Waterside Erosion Remediation Strategies Estimated Cost 
1. Remediate All Deficient Lengths in Draft GAR (B, C, LD) $ 759,000,000 
2. Remediate Only Category C Deficient Lengths in Draft GAR $ 338,000,000 
3. Remediate 20-Percent of All Deficient Length in Draft GAR $ 152,000,000 
4. Remediate 20-Percent of Only Category C Deficient Length in 

Draft GAR 
$   68,000,000 

 
Table 4 provides the summary of costs to remediate freeboard and geometry deficiencies.  

Detailed backup information for segment specific estimates is provided in Attachment 2. Tables 1 through 
4 were developed by extracting select information from the database compiled from data included in the 
Draft GAR Levee Assessment Tools (LATs) and the Estimating Tools.  

5.2 Remediation Costs for Levee Segments Not Included in the Draft GAR 

 As previously noted, 9 levee segments representing approximately 5 percent of the total levee length in 
the South NULE Study Area were not included in the Draft GAR. The TAT agreed that some cost for 
assumed remediation of the additional segments should be included in the cost estimates provided with 
this memorandum.  Based on 5 percent of the total remediation cost estimated for the assessed 
segments included in the attached summary, the additional total costs for remediation of the remaining 
segments in the South NULE Study Area is estimated to be approximately $150,000,000. Specific 
remediation cost estimates for the additional segments will be included in the Final RACER. 
  
6.0 ESTIMATE LIMITATIONS AND FUTURE UPDATES 

The estimates provided in this memorandum are order-of-magnitude estimates based on limited data 
provided in the Draft GAR. Simplifying assumptions were agreed upon by the TAT to facilitate estimating 
costs that are reasonable and appropriate considering the limited physical and geotechnical data and lack 
of specific remediation designs. The estimated extent, depth, and cost of selected remediation 
alternatives used to address hazards and/or deficiencies identified in the Draft GAR are based on 
engineering judgment without detailed analysis, which is beyond the scope of work authorized by the task 
order. Cost estimate results presented in this memorandum should only be used by DWR as a tool for 
levee remediation program planning and not for actual construction budget planning for specific 
segments.  

Estimates provided here are for hazards and deficiencies described in the current Draft GAR. The Draft 
GAR is being updated. Upon completion, the associated remediation cost estimates will be revised. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLES 
 

Table 1 Remediation Costs Grouped By GAR Study Area and Assigned 
Category 

Table 2 Through seepage, Underseepage and Stability Remediation Costs 
Grouped by Study Area and Assigned Category 
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TABLE 1
NORTH NULE RACER

 REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Overall Summary

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)
Miscellaneous Remediations

Total Cost ($)Length (Feet)
Segment Details

GAR Categorization

Hazard Level A $0 $0 $8,988,000 $075,896 0 0 39,300

Hazard Level B $193,121,000 $23,695,000 $8,388,000 $485,000385,417 211,340 33,880 51,220

Hazard Level C $1,508,216,000 $658,080,000 $89,894,000 $27,391,0001,913,029 1,295,010 397,280 317,850

Hazard Level LD (A/B) $213,829,000 $71,837,000 $3,073,000 $0244,363 160,490 50,390 18,650

Hazard Level LD (B/C) $28,350,000 $5,355,000 $1,485,000 $063,472 17,450 5,750 5,750

Grand Total: $1,943,516,000 $758,967,000 $111,828,000 $27,876,0002,682,177 1,684,290 487,300 432,770

Note: Estimates are order of magnitude estimates.
Structural remediations refer to underseepage, through seepage, or stability remediations.
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DRAFT TABLE 1
SOUTH NULE RACER

 REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 1

Miscellaneous Remediations
Total Cost ($)Length (Feet)

Segment Details
GAR Categorization

Hazard Level A $0 $0 $228,000 $08,820 0 0 880

Hazard Level B $47,739,000 $23,695,000 $1,116,000 $0117,835 48,310 33,880 3,110

Hazard Level C $512,701,000 $305,479,000 $13,877,000 $0473,548 339,220 168,070 35,380

Hazard Level LD (A/B) $36,792,000 $71,837,000 $524,000 $062,270 19,780 50,390 1,190

Hazard Level LD (B/C) $11,836,000 $0 $0 $05,950 5,950 0 0

Subtotal: $609,068,000 $401,011,000 $15,745,000 $0668,423 413,260 252,340 40,560

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 2

Miscellaneous Remediations
Total Cost ($)Length (Feet)

Segment Details
GAR Categorization

Hazard Level B $8,408,000 $0 $0 $09,476 9,480 0 0

Hazard Level C $319,789,000 $106,203,000 $36,111,000 $1,256,000319,322 253,610 60,040 44,880

Subtotal: $328,197,000 $106,203,000 $36,111,000 $1,256,000328,798 263,090 60,040 44,880

Note: Estimates are order of magnitude estimates.
Structural remediations refer to underseepage, through seepage, or stability remediations.
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DRAFT TABLE 1
SOUTH NULE RACER

 REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 3

Miscellaneous Remediations
Total Cost ($)Length (Feet)

Segment Details
GAR Categorization

Hazard Level A $0 $0 $8,760,000 $067,076 0 0 38,420

Hazard Level B $136,974,000 $0 $7,272,000 $485,000258,106 153,550 0 48,110

Hazard Level C $675,726,000 $246,398,000 $39,906,000 $26,135,0001,120,159 702,180 169,170 237,590

Hazard Level LD (A/B) $177,037,000 $0 $2,549,000 $0182,093 140,710 0 17,460

Hazard Level LD (B/C) $16,514,000 $5,355,000 $1,485,000 $057,522 11,500 5,750 5,750

Subtotal: $1,006,251,000 $251,753,000 $59,972,000 $26,620,0001,684,956 1,007,940 174,920 347,330

Note: Estimates are order of magnitude estimates.
Structural remediations refer to underseepage, through seepage, or stability remediations.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Total Remediation

Cost ($)
Cost Per 

Remediated Mile ($)
Remediated

Length (Feet)
Segment

Length (Feet)
Remediated
Deficiencies

GAR Study Area: 1

Hazard Level B

RD 2094, Unit 1 14,679 14,680 $17,915,000 $6,444,000U+T201

RD 2096, Unit 1 871 870 $2,176,000 $13,194,000U+T203

RD 2107, Unit 2 9,599 9,600 $10,771,000 $5,925,000U+Sn+T259

RD 2062, Unit 2 29,319 20,520 $13,007,000 $3,346,000U336

RD 2089, Grant Line Canal 4,400 2,640 $3,870,000 $7,740,000U5013

Hazard Level B Subtotal 48,310 $47,739,00058,868 $5,217,000

Hazard Level C

RD 1, Unit 1 5,904 5,900 $9,932,000 $8,882,000U+Sn+T185

RD 524, Unit 1 32,733 16,370 $33,325,000 $10,751,000U+T188

RD 544, Unit 1 31,833 25,470 $33,824,000 $7,013,000U+T189

RD 2058, Unit 1 40,412 32,330 $27,229,000 $4,447,000U+T192

RD 2064, Unit 1 29,314 29,310 $39,697,000 $7,150,000U+T195

RD 2075, Unit 1 39,202 39,200 $53,317,000 $7,181,000U+T196

RD 2085, Unit 1 27,893 27,890 $49,493,000 $9,369,000U+T197

RD 2089, Unit 1 8,139 7,330 $11,799,000 $8,505,000U+Sn+T198

RD 2095, Unit 1 7,297 7,300 $8,900,000 $6,440,000U+T202

RD 2107, Unit 1 12,299 12,300 $19,069,000 $8,187,000U+Sn+T208

RD 2062, Unit 3 29,105 23,280 $31,406,000 $7,122,000U+Sn+T256

U = Underseepage      
T = Through Seepage        
Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

RD 2064, Unit 2 32,550 19,530 $25,699,000 $6,948,000U+T257

RD 2095, Unit 2 18,172 29,080 $66,020,000 $11,989,000U+T258

RD 544, Unit 2 22,071 4,410 $5,740,000 $6,865,000U+T334

RD 2089, Unit 2 6,854 4,800 $6,103,000 $6,716,000U+T335

RD 544, Middle River 25,550 17,880 $26,929,000 $7,950,000U+T5008

RD 1, Middle River 53,320 26,660 $45,031,000 $8,918,000U+T5010

RD 348, Mokelumne River 50,900 10,180 $19,188,000 $9,952,000U+T5019

Hazard Level C Subtotal 339,220 $512,701,000473,548 $7,980,000

Hazard Level LD

RD 524, Middle River 11,880 7,130 $13,807,000 $10,227,000U+T5009

RD 2089, Dryland levee 5,950 5,950 $11,836,000 $10,503,000U+Sn+T5012

RD 1007, Sugar Cut 6,350 640 $1,235,000 $10,267,000U5015

RD 1007, Old River 40,040 12,010 $21,750,000 $9,560,000U5018

Hazard Level LD Subtotal 25,730 $48,628,00064,220 $9,980,000

Area 1 Subtotal 413,260 $609,068,000 $7,782,000596,636

U = Underseepage      
T = Through Seepage        
Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Total Remediation

Cost ($)
Cost Per 

Remediated Mile ($)
Remediated

Length (Feet)
Segment

Length (Feet)
Remediated
Deficiencies

GAR Study Area: 2

Hazard Level B

RD 2102, Unit 1 9,476 9,480 $8,408,000 $4,685,000U+Sn+T207

Hazard Level B Subtotal 9,480 $8,408,0009,476 $4,685,000

Hazard Level C

RD 1602, Unit 1 32,866 29,580 $30,411,000 $5,428,000U+T190

RD 2031, Unit 1 37,242 14,900 $15,046,000 $5,333,000U+T191

RD 2063, Unit 1 55,066 49,560 $60,077,000 $6,400,000U+T194

RD 2091, Unit 1 39,679 27,780 $37,462,000 $7,121,000U+T199

RD 2092, Unit 1 19,544 15,640 $20,104,000 $6,789,000U+T200

RD 2099, Unit 1 12,630 11,370 $15,331,000 $7,121,000U+Sn+T204

RD 2100, Unit 1 13,952 12,560 $14,444,000 $6,073,000U+Sn+T205

RD 2101, Unit 1 16,550 14,900 $20,090,000 $7,121,000U+T206

RD 2031, Unit 2 31,509 22,060 $29,380,000 $7,033,000U+T341

Tuolumne River, Right Bank 36,539 36,540 $54,914,000 $7,935,000U+T5001

Tuolumne River, Left Bank 16,745 11,720 $13,834,000 $6,232,000U+T5002

San Joaquin River, Left Bank 7,000 7,000 $8,696,000 $6,559,000U+T5003

Hazard Level C Subtotal 253,610 $319,789,000319,322 $6,659,000

Area 2 Subtotal 263,090 $328,197,000 $6,587,000328,798

U = Underseepage      
T = Through Seepage        
Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Total Remediation

Cost ($)
Cost Per 

Remediated Mile ($)
Remediated

Length (Feet)
Segment

Length (Feet)
Remediated
Deficiencies

GAR Study Area: 3

Hazard Level B

Madera County FCWCA, Unit 4 11,711 4,680 $3,473,000 $3,915,000U+T12

Lower San Joaquin River Levee District, Unit 59,855 35,910 $23,229,000 $3,415,000U+T176

Lower San Joaquin Levee District, Unit 5 22,382 13,430 $8,116,000 $3,191,000T179

Lower San Joaquin Levee District, Unit 5 6,439 6,440 $3,536,000 $2,900,000T180

Lower San Joaquin Levee District, Unit 5 15,830 15,830 $12,015,000 $4,007,000U+T184

Lower San Joaquin Levee District, Unit 5 14,973 14,970 $12,415,000 $4,378,000U+T218

Lower San Joaquin Levee District, Unit 15 10,631 9,570 $8,490,000 $4,685,000U+T254

Lower San Joaquin Levee District, Unit 7 18,269 3,650 $2,962,000 $4,280,000U345

Lower San Joaquin Levee District, Unit 8 20,734 2,070 $1,844,000 $4,696,000U+T346

Lower San Joaquin Levee District, Unit 25 13,100 6,550 $5,779,000 $4,658,000U353

Lower San Joaquin Levee District, Unit 13 7,079 5,660 $4,376,000 $4,080,000U+T356

Lower San Joaquin Levee District, Unit 14 7,059 5,650 $4,263,000 $3,986,000U+T358

Lower San Joaquin Levee District, Unit 16 10,304 9,270 $6,983,000 $3,976,000U+T359

San Joaquin River, Reach 2B 39,740 19,870 $39,493,000 $10,494,000U+T5033

Hazard Level B Subtotal 153,550 $136,974,000258,106 $4,709,000

Hazard Level C

Lower San Joaquin Levee District, Unit 2 72,510 36,260 $28,889,000 $4,207,000U+T177

Lower San Joaquin Levee District, Unit 1 41,806 37,630 $30,349,000 $4,259,000U+T178

U = Underseepage      
T = Through Seepage        
Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Lower San Joaquin Levee District, Unit 1 17,550 12,280 $10,249,000 $4,405,000U+T181

Lower San Joaquin Levee District, Unit 5 104,000 104,000 $113,499,000 $5,762,000U+T182

Lower San Joaquin Levee District, Unit 3, 11,054 11,050 $7,587,000 $3,624,000U+T183

Lower San Joaquin Levee District, Unit 23 54,042 16,210 $13,947,000 $4,542,000U+T219

Lower San Joaquin Levee District, Unit 24 44,251 22,130 $17,058,000 $4,071,000U+T220

Lower San Joaquin Levee District, Unit 6 50,709 50,710 $69,190,000 $7,204,000U+T252

Lower San Joaquin Levee District, Unit 6 86,704 34,680 $41,673,000 $6,344,000U+T253

Lower San Joaquin levee District, Unit 17 85,013 76,510 $80,741,000 $5,572,000U+T261

Madera County FCWCA, Unit 5 47,744 42,970 $33,833,000 $4,157,000U+T27

Madera County FCWCA, Unit 6 47,492 23,750 $17,954,000 $3,992,000U+T28

Lower San Joaquin Levee District, Unit 6 50,271 50,270 $33,040,000 $3,470,000U+T351

Lower San Joaquin Levee District, Unit 11 17,470 10,480 $10,148,000 $5,112,000U352

Lower San Joaquin Levee District, Unit 12 17,958 8,980 $8,895,000 $5,231,000U354

Lower San Joaquin Levee District, Unit 18 84,351 59,050 $63,847,000 $5,709,000U+T357

Madera County FCWCA, Berenda Slough 38,960 19,480 $14,013,000 $3,798,000U+T5023

Madera FCWCA, Berenda Slough 31,300 28,170 $19,610,000 $3,676,000U+T5024

Madera County FCWCA, Fresno River 27,700 11,080 $8,330,000 $3,970,000U+T5025

Madera County FCWCA, Fresno River 27,500 8,250 $6,785,000 $4,342,000U+T5026

San Joaquin River, Reach 4A 102,904 20,580 $23,310,000 $5,980,000U+T5031

San Joaquin River Reach 2B 43,710 13,110 $17,490,000 $7,042,000U+T5032

Fresno Slough 15,160 4,550 $5,289,000 $6,140,000U+T5034

Hazard Level C Subtotal 702,180 $675,726,0001,120,159 $5,081,000

U = Underseepage      
T = Through Seepage        
Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.

Page 5 of 6

12/23/2010



DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Hazard Level LD

Lower San Joaquin Levee District, Unit 4 7,425 7,420 $1,389,000 $988,000U355

San Joaquin River, Reach 4A 63,630 57,270 $66,803,000 $6,159,000U5028

San Joaquin River, Reach 4A 57,522 11,500 $16,514,000 $7,579,000U+T5029

San Joaquin River, Reach 3 102,521 71,760 $98,358,000 $7,237,000U5030

Merced County Stream Group, Unit 1 8,517 4,260 $10,487,000 $13,003,000U73

Hazard Level LD Subtotal 152,210 $193,551,000239,615 $6,714,000

Area 3 Subtotal 1,007,940 $1,006,251,000 $5,271,0001,617,880

U = Underseepage      
T = Through Seepage        
Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 1

Erosion Catergory: Hazard Level B

RD 544, Unit 1 31,833 $54,622,000 $9,060,000189 31,830

RD 2062, Unit 3 29,105 $16,344,000 $9,883,000256 8,730

RD 544, Unit 2 22,071 $26,510,000 $9,060,000334 15,450

Mormon Slough 58,967 $16,037,000 $2,872,0005006 29,480

RD 544, Middle River 25,550 $35,677,000 $7,373,0005008 25,550

RD 1, Middle River 53,320 $110,023,000 $10,895,0005010 53,320

RD 2089, Grant Line Canal 4,400 $7,658,000 $9,190,0005013 4,400

$266,871,000168,760225,246Hazard Level B Subtotal $8,349,000

Note: 
Estimates are order of magnitude estimates.
Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 1

Erosion Catergory: Hazard Level C

RD 1, Unit 1 5,904 $1,508,000 $13,486,000185 590

RD 524, Unit 1 32,733 $11,430,000 $9,219,000188 6,550

RD 2058, Unit 1 40,412 $7,644,000 $9,987,000192 4,040

RD 2064, Unit 1 29,314 $5,118,000 $9,218,000195 2,930

RD 2085, Unit 1 27,893 $9,740,000 $9,219,000197 5,580

RD 2089, Unit 1 8,139 $16,278,000 $11,733,000198 7,330

RD 2089, Unit 2 6,854 $10,585,000 $9,060,000335 6,170

$62,303,00033,190151,249Hazard Level C Subtotal $9,914,000

Erosion Catergory: Hazard Level LD (A/B)

RD 1007, Tom Paine Slough 4,000 $6,261,000 $8,265,0005014 4,000

RD 1007, Sugar Cut 6,350 $3,454,000 $2,872,0005015 6,350

RD 1007, Old River 40,040 $62,122,000 $8,192,0005018 40,040

$71,837,00050,39050,390Hazard Level LD (A/B) Subt $7,527,000

Area 1 Subtotal 252,340 $401,011,000 $8,391,000426,885

Note: 
Estimates are order of magnitude estimates.
Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 2

Erosion Catergory: Hazard Level C

RD 2092, Unit 1 19,544 $24,258,000 $8,192,000200 15,640

RD 2101, Unit 1 16,550 $3,415,000 $10,895,000206 1,660

RD 2031, Unit 2 31,509 $5,501,000 $9,218,000341 3,150

Tuolumne River, Right Bank 36,539 $62,637,000 $10,057,0005001 32,890

$95,811,00053,340104,142Hazard Level C Subtotal $9,487,000

Erosion Catergory: Hazard Level LD (A/B)

Tuolumne River, Left Bank 16,745 $10,392,000 $8,192,0005002 6,700

$10,392,0006,70016,745Hazard Level LD (A/B) Subt $8,192,000

Area 2 Subtotal 60,040 $106,203,000 $9,342,000120,887

Note: 
Estimates are order of magnitude estimates.
Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 3

Erosion Catergory: Hazard Level B

San Joaquin River, Reach 4A 57,522 $5,355,000 $4,915,0005029 5,750

San Joaquin River Reach 2B 43,710 $66,647,000 $8,051,0005032 43,710

$72,002,00049,460101,232Hazard Level B Subtotal $7,686,000

Erosion Catergory: Hazard Level C

Madera County FCWCA, Berenda Slough 38,960 $56,278,000 $7,627,0005023 38,960

Madera FCWCA, Berenda Slough 31,300 $45,213,000 $7,627,0005024 31,300

Madera County FCWCA, Fresno River 27,700 $39,272,000 $7,486,0005025 27,700

Madera County FCWCA, Fresno River 27,500 $38,988,000 $7,486,0005026 27,500

$179,751,000125,460125,460Hazard Level C Subtotal $7,565,000

Area 3 Subtotal 174,920 $251,753,000 $7,599,000226,692

Note: 
Estimates are order of magnitude estimates.
Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 1

Land
Cost ($)

RD 524, Unit 1 32,733 3,270 $1,262,000 $390,000 $1,659,000$2,036,000 $6,000188

RD 544, Unit 1 31,833 6,370 $1,482,000 $460,000 $1,954,000$1,229,000 $12,000189

RD 2094, Unit 1 14,679 2,940 $789,000 $244,000 $1,039,000$1,419,000 $5,000201

RD 2096, Unit 1 871 170 $49,000 $18,000 $77,000$1,498,000 $10,000203

RD 2064, Unit 2 32,550 3,260 $779,000 $243,000 $1,034,000$1,264,000 $12,000257

RD 544, Unit 2 22,071 4,410 $1,725,000 $535,000 $2,275,000$2,063,000 $15,000334

RD 524, Burns Cut 8,820 880 $173,000 $54,000 $228,000$1,036,000 $2,0005007

RD 544, Middle River 25,550 2,560 $671,000 $219,000 $932,000$1,387,000 $42,0005008

RD 524, Middle River 11,880 1,190 $377,000 $123,000 $524,000$1,677,000 $24,0005009

RD 1, Middle River 53,320 5,330 $1,202,000 $376,000 $1,598,000$1,190,000 $21,0005010

RD 348, Mokelumne River 50,900 10,180 $3,219,000 $1,041,000 $4,425,000$1,670,000 $165,0005019

$15,745,000$3,703,000$314,000$1,527,000$11,728,00040,560Area 1 Subtotal: 32,733

Note: F/G = Freeboard and Geometry
Construction cost includes direct construction costs plus contingency.
Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.
Estimates are order of magnitude estimates.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 2

Land
Cost ($)

RD 2091, Unit 1 39,679 3,970 $1,140,000 $353,000 $1,500,000$1,517,000 $7,000199

RD 2092, Unit 1 19,544 1,950 $577,000 $179,000 $762,000$1,559,000 $6,000200

RD 2099, Unit 1 12,630 2,530 $737,000 $228,000 $970,000$1,541,000 $5,000204

RD 2100, Unit 1 13,952 2,790 $754,000 $234,000 $992,000$1,426,000 $5,000205

Tuolumne River, Right Bank 36,539 18,270 $12,606,000 $3,904,000 $16,593,000$3,643,000 $83,0005001

Tuolumne River, Left Bank 16,745 8,370 $6,689,000 $2,068,000 $8,787,000$4,218,000 $30,0005002

San Joaquin River, Left Bank 7,000 7,000 $4,963,000 $1,531,000 $6,507,000$3,744,000 $13,0005003

$36,111,000$8,497,000$149,000$3,231,000$27,466,00044,880Area 2 Subtotal: 39,679

Note: F/G = Freeboard and Geometry
Construction cost includes direct construction costs plus contingency.
Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.
Estimates are order of magnitude estimates.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 3

Land
Cost ($)

Lower San Joaquin Levee District, Unit 2 72,510 21,750 $2,513,000 $786,000 $3,338,000$610,000 $40,000177

Lower San Joaquin Levee District, Unit 5 22,382 17,910 $2,090,000 $653,000 $2,777,000$616,000 $33,000179

Lower San Joaquin Levee District, Unit 5 6,439 5,150 $530,000 $174,000 $705,000$543,000 $9,000180

Lower San Joaquin Levee District, Unit 1 17,550 8,780 $1,038,000 $324,000 $1,378,000$624,000 $16,000181

Lower San Joaquin Levee District, Unit 3, 11,054 3,320 $359,000 $112,000 $477,000$571,000 $6,000183

Lower San Joaquin Levee District, Unit 5 15,830 1,580 $193,000 $61,000 $261,000$644,000 $6,000184

Lower San Joaquin Levee District, Unit 23 54,042 10,810 $1,308,000 $417,000 $1,772,000$639,000 $48,000219

Lower San Joaquin Levee District, Unit 24 44,251 8,850 $1,040,000 $323,000 $1,371,000$621,000 $8,000220

Lower San Joaquin Levee District, Unit 6 50,709 30,430 $3,552,000 $1,110,000 $4,718,000$616,000 $56,000252

Lower San Joaquin Levee District, Unit 6 86,704 26,010 $2,841,000 $899,000 $3,819,000$577,000 $80,000253

Lower San Joaquin levee District, Unit 17 85,013 8,500 $1,037,000 $330,000 $1,401,000$644,000 $34,000261

Lower San Joaquin Levee District, Unit 5 19,893 5,970 $1,130,000 $351,000 $1,491,000$999,000 $11,000343

Lower San Joaquin Levee District, Unit 22 9,210 8,290 $1,997,000 $619,000 $2,632,000$1,272,000 $15,000344

Lower San Joaquin Levee District, Unit 7 18,269 9,130 $1,042,000 $326,000 $1,384,000$602,000 $17,000345

Lower San Joaquin Levee District, Unit 8 20,734 10,370 $1,182,000 $370,000 $1,571,000$602,000 $19,000346

Lower San Joaquin Levee District, Unit 9 4,240 2,120 $394,000 $123,000 $521,000$982,000 $4,000347

Lower San Joaquin Levee District, Unit 10 4,175 1,250 $202,000 $63,000 $267,000$852,000 $2,000348

Lower San Joaquin Levee District, Unit 22 14,436 12,990 $936,000 $1,003,000 $1,232,000$380,000 $7,000349

Lower San Joaquin Levee District, Unit 22 5,433 4,890 $1,238,000 $384,000 $1,630,000$1,336,000 $9,000350

Note: F/G = Freeboard and Geometry
Construction cost includes direct construction costs plus contingency.
Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.
Estimates are order of magnitude estimates.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 3

Land
Cost ($)

Lower San Joaquin Levee District, Unit 6 50,271 30,160 $3,256,000 $1,019,000 $4,331,000$570,000 $55,000351

Lower San Joaquin Levee District, Unit 11 17,470 1,750 $199,000 $62,000 $265,000$602,000 $3,000352

Lower San Joaquin Levee District, Unit 18 84,351 42,180 $5,178,000 $1,655,000 $7,034,000$648,000 $201,000357

Madera County FCWCA, Fresno River 27,700 5,540 $627,000 $204,000 $865,000$598,000 $34,0005025

Madera County FCWCA, Fresno River 27,500 2,750 $311,000 $101,000 $428,000$597,000 $17,0005026

San Joaquin River, Reach 4A 63,630 6,360 $686,000 $211,000 $896,000$569,000 $05028

San Joaquin River, Reach 4A 57,522 5,750 $1,125,000 $349,000 $1,485,000$1,032,000 $11,0005029

San Joaquin River, Reach 3 102,521 10,250 $1,105,000 $340,000 $1,444,000$569,000 $05030

San Joaquin River, Reach 4A 102,904 30,870 $6,009,000 $1,849,000 $7,858,000$1,028,000 $05031

San Joaquin River Reach 2B 43,710 4,370 $479,000 $150,000 $637,000$578,000 $8,0005032

San Joaquin River, Reach 2B 39,740 3,970 $439,000 $135,000 $574,000$584,000 $05033

Fresno Slough 15,160 1,520 $163,000 $50,000 $214,000$569,000 $05034

Merced County Stream Group, Unit 1 8,517 850 $160,000 $49,000 $209,000$990,000 $073

Merced County Stream Group, Unit 2 9,689 2,910 $738,000 $232,000 $987,000$1,341,000 $16,00074

$59,972,000$14,834,000$765,000$686,000$45,097,000347,330Area 3 Subtotal: 72,510

Note: F/G = Freeboard and Geometry
Construction cost includes direct construction costs plus contingency.
Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.
Estimates are order of magnitude estimates.
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Figure 1 Proposed Land Acquisition Approach (URS, 2010) 
Figure 2 Typical Remediation Details (URS, 2010) 
Figure 3 Rock Slope Protection (URS, 2010) 
Figure 4 Freeboard and Geometry Repair (URS, 2010) 
Figure 5 Remediation Selection Form (URS, 2010) 

 
 











DWR Non Urban Levee Evaluations (NULE) Program

Selection of Remediation Alternatives for NULE RACER

Segment Identification and Location LAT Data Summary from Draft GAR, Dated June 2010

Segment ID: Deficiency Extent Comments Evaluated By:

Reach No.: (%  of Total Length) Area Lead: 

Total Length: (feet)      Date:

Name: Prepared By:

Agency:      Date:

Unit:

Levee Mile:

NULE Stationing:

Select Alternative Parameters for Estimating - Seepage and Stability

Length

Existing 

ROW

See 

Note 1

Crest 

W idth Comments

Deficiency From To (Feet) W idth "H" "H1" "H" "W " "H" "H1" "W " "% " "W " "H" "D" "H" "D" "Orch" "Agr" "Res" "Com"

Note 1: Provide the estimated %  of levee degrade material that could be reused for levee reconstruction for either the conventional backhoe option or the DSM wall option.

Select Alternative Parameters for Estimating - Rock Slope Protection and Geometry Repairs

Length Comments

Deficiency From To (Feet) W idth

Slope 

Length "H" "h1" "Crest" "H" "Orch" "Agr" "Res" "Com"

FIGURE 5

ROW  Land Use (% )

Drained 

StabilityBerm Combination Berm

Erosion

Through Seepage

Stability

Rock Slope

Protection

Replacement

Levee

ROW  Land Use (% )

Remediation Alternatives Selected

Located Between Seepage Berm

Slurry W all (Pick Only One)

Conventional 

Backhoe DSM W all

Potential Failure

Located Between

Existing 

ROW

Geometry

Repair

Categorization

Underseepage
Mode

Right Bank Sta  to Sta

LM to LM 

Unit 

RD
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LIST OF KEY ESTIMATING ASSUMPTIONS 
(URS, 2010) 
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NULE RACER Page 1 
Estimating Assumptions  

Assumptions and Discussion 
1. Cost estimate will include project and non-project levees within the Non-Urban Levee Evaluation 

(NULE) project scope for which information is available in the Draft Geotechnical Assessment 
Report (GAR). 

2. Remediation estimates will be prepared for levee segments with composite classifications of “B,” 
“C,” or “LD.” Estimates currently include levee segments with an “LD” classification that could 
become an “A” classification based upon additional information obtained in the future. 

3. Construction cost estimates will be escalated at 3% to October 2011 based upon information 
received in the Central Valley Flood Management Plan (CVFMP)-Urban Levee Evaluation 
(ULE)/NULE coordination meeting held on July 7, 2010.  The 3% value is conservative over the 
near future given the current economic climate. 

4. The NULE Remedial Alternative Cost Estimate Report (RACER) cost estimate to be provided to 
the Department of Water Resources (DWR), will include the cost estimate spreadsheet and several 
pages of text describing the work approach, key assumptions, and limitations. Costs will be 
provided by segment and for the overall project. A summary sheet will list the cost for alternatives 
considered for remediation of a deficiency where alternatives are feasible. The actual format for 
the spreadsheet will be developed as the work progresses through the Technical Approach Team 
meeting process. 

5. Because of the limited information available to evaluate levees for the GAR, the cost estimate will 
be an order-of-magnitude cost estimate comparable to a Class 4 estimate as defined by the 
American Association for the Advancement of Cost Estimating, which can vary in accuracy from 
-30% on the low side to from +20% to +50-percent on the high side.  

6. Preparation of estimates for the CVFMP process may require the addition of other remediation 
measures to the cost estimating tool. These will be added at a later date in a manner mutually 
agreed between DWR and URS. Adding remediation alternatives should not affect the NULE 
RACER cost estimate.  

7. A small percentage (approximately 6%) of levee mileage was not covered in the levee assessment 
tool (LAT)/GAR process due to complete lack of information, lack of authorized access, etc. The 
cost to remediate this mileage will be estimated as a percentage of the cost to remediate similar 
mileage where information is available. As a starting point, the percentage will be based upon the 
ratio of the mileage not evaluated to the total mileage in the program. 

8. Cost estimates for remediation alternatives will include: 
• Direct construction costs 
• Contingencies (30% of construction cost) 
• Design, Engineering costs (15% of construction cost)  
• CM (15% of construction cost) 
• Permitting/Legal (5% of construction cost) (See Items 16 and 17 also) 
• Environmental mitigation (25% or 35% of construction cost) (see Item 32 also) 
• Escalation (3% per year) 

9. The cost estimating tool is currently limited to eight remediation types: drained stability berm; 
seepage berm; combination seepage-stability berm; conventional slurry wall to maximum depth of 
70 feet below working surface; deep soil mixing (DSM) wall for wall more than 70 feet deep 
measured below the working surface; erosion repair; and levee replacement in place; and 
freeboard/geometry.  
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Estimating Assumptions  

Assumptions and Discussion 
10. The only remediation being considered for waterside erosion is the placement of rock slope 

protection in deficient reaches. The length of slope repair on slope will be six times the landside 
levee height.  The following costs per foot have been prepared for four levee heights: 
 

Levee Height     Slope Length      $ Per Foot 
     5 feet                  30 feet             $523 
   10 feet                  60 feet          $1,070 
   15 feet                  90 feet          $1,642 
   20 feet                 120 feet         $2,240 
 

The estimating tool will interpolate the cost per foot from the above values based on the actual 
levee height where remediation is required.  
 
The lengths of levee to be remediated as specified in the Draft GAR are large and may result in a 
significant remediation cost compared to other deficiencies.  As suggested by DWR, the cost 
memorandum will include a cost to repair all lengths specified in the Draft GAR and a cost to 
repair a lesser length ( 20% of the length specified in the Draft GAR).  The latter cost assumes that 
other areas requiring remediation would be repaired as part of an ongoing maintenance program. 

11. For any remediation requiring additional land acquisition, existing right-of-way (ROW) would be 
estimated from existing readily available data (assessor’s maps, owner contact, fence lines on 
aerials, etc.). In the absence of such data, existing ROW width will be assumed to be zero. For the 
cost estimates provided in the cost memorandum, all estimates assume that no existing easement 
exists due to the general lack of easement data (see cost memorandum Figure 1 for easement 
requirements for estimating). 

12. For any berm-type remediation requiring land acquisition, 20 feet of addition permanent ROW 
will be acquired along the landside toe of the remediation to satisfy planned Central Valley Flood 
Protection Board (CVFPB) easement requirements (see cost memorandum Figure 1). 

13. For any berm remediation requiring additional land acquisition, 5 feet of additional temporary 
easement will be obtained such that the 5-foot temporary easement plus the adjacent 20-foot 
permanent easement for CVFPB will provide a construction easement of 25 feet along the 
landside toe of the remediation (see cost memorandum Figure 1). 

14. For slurry wall or DSM remediations, the 20-foot CVFPB permanent easement (less any existing 
easement) and 5-foot temporary easement will also be obtained along the landside toe of the levee 
(see cost memorandum Figure 1). 

15. No allowance will be included in the estimate for temporary or permanent property acquisition for 
levee segments with an “A” classification (unless freeboard/geometry repair is needed) or for 
reaches within a levee segment where no remediation measures are required based upon the LAT 
and GAR. 

16. Costs for four land use categories are covered in the estimating tool: orchard, agricultural, 
industrial, and residential. Where remediations are required and land acquisition is needed, the 
percentage of each use category will be estimated from aerial photographs or other readily 
available information and a composite cost for temporary/permanent land acquisition based on the 
percentages will be used.  The basic land costs currently being used in the cost estimating tool are: 
 

Agricultural   $10,000 per acre 
Orchard   $30,000 per acre 
Industrial $150,000 per acre 
Residential $300,000 per acre 
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Estimating Assumptions  

Assumptions and Discussion 
17. The temporary/permanent property acquisition costs described above address the cost of procuring 

the land. In addition, a 5% allowance for legal costs for land acquisition will also be included. The 
percentage will be multiplied by the total direct construction cost to obtain the legal cost 
percentage. Legal costs could be more expensive than the land acquisition cost depending upon 
the amount of land acquired.  

18. Wherever available, the United States Army Corps of Engineers (USACE) 55/57 water surface 
profiles are the design water surfaces for levee remediation evaluations.  Where 55/57 water 
surface information is not available, the design water surface is set at the existing crest level less 3 
feet, or at the 100-year water surface elevation, where appropriate. 

19. Remediation of levee geometry deficiencies is based upon the levee configuration described in the 
1953 Memorandum of Understanding between the USACE (USA) and State of California. In 
summary these configurations are: 3:1 waterside slopes for all levees, 20-foot- or 12-foot-wide 
crest depending upon location, 2.5:1 landside slopes for bypass levees, and 2:1 landside slopes for 
other levees.  

20. Selection of remediation alternatives and extent of remediation required will be based upon 
information in the LAT and GAR wherever possible. Simplifying assumptions would be made 
where information is not available (see seepage berm and slurry wall items below as an example). 
Where specific lengths for required remediation alternatives are not provided in the LAT and 
GAR documentation, or cannot be readily determined, the percentage of total segment length 
requiring remediation as noted in the GAR will be used. 

21. The estimate assumes the use of hydroseeding to revegetate new slopes or restore other areas 
disturbed during construction. The cost for plantings, irrigation systems, fencing, etc., installed as 
part of the emergency levee repair program will not be reflected in the NULE RACER estimate. 

22. For estimating purposes, all slurry walls and DSM walls are assumed to be 36 inches wide 
regardless of depth. 

23. Levee degrade for slurry wall and DSM wall construction is assumed to be 50% of the height of 
the levee measured on the landside, and the 50% degrade is assumed to provide suitable working 
width for equipment. For low height levees (generally 5 feet high or less) that require a cutoff 
wall, the levee section would be removed to existing grade measured on the landside.  

24. Imported or on-site material used to reconstruct levees within the levee prism or to construct 
drained stability berms is assumed to meet current USACE criteria for select levee fill. Material 
used to construct seepage berms (other than drain layers) can be any suitable material. 

25. NULE south will use different borrow rates from NULE north because suitable sandy material for 
berm construction may be more readily available close to project sites. Unit rates for borrow for 
both areas will be included in the cost estimating tool. 
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Assumptions and Discussion 
26. There may be areas where the length of seepage berm or depth of slurry wall cannot be 

determined based upon available information. In this case, an approximation method is used to 
select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width are based upon landside height of levee and are as 
follows: 
 
No Geotechnical Data Available: 

Select H = Levee height measured from landside toe 
Depth of wall measured from foundation level is 20 feet minimum or 3*H, whichever is 
larger. 
Round result to the nearest higher foot and add H/2 to extend to degrade level and get total 
wall depth for estimating. 

Geotechnical Data Available: 
Select H = Levee height measured from landside toe 
 If aquaclude >70 feet and H<= 23 feet  then stop wall at 70 feet 

Assume 70 feet is measured from degrade level. 
(This assumes going to the maximum wall depth for conventional wall construction)  

 If aquaclude >70 feet and H>23 feet then go to aquaclude + 6 feet toe-in 
Add H/2 to extend to degrade level and get total DSM wall depth for estimating 

27. The cost estimate will not include any allowance for ongoing operation and maintenance costs of 
facilities after remediations are constructed. 

28. The cost to make animal burrow repairs will not be included in the cost estimate. However, the 
documentation for the cost memorandum will include an estimate of the average cost per mile to 
repair such damage based upon DWR experience. DWR will provide the cost to URS for 
incorporation in the report. Areas where heavy rodent damage was noted are documented in the 
LAT and GAR. 

29. For estimating purposes, seepage berms and combined seepage-stability berms include acquiring a 
20-foot-wide strip of land along the full length of the landside toe of berm for a CVFPB easement.  
An additional 5-foot-wide strip of land will be acquired as a temporary easement so that the 
temporary and CVFPB easements together provide a 25-foot-wide easement for construction.  

30. For estimating purposes, all levee sections degraded to construct slurry walls will include a new 
crest road with 6 inches of aggregate base (AB). AB section will be placed above the levee crest 
elevation required for freeboard.  Where paved public roads are known to exist on the crest of a 
levee, an allowance will be included for repaving. 

31. For estimating purposes, levee sections where landside berms are constructed or erosion 
protection is placed will have up to 4 inches of AB added to the crest to supplement existing 
surfacing to address possible deterioration of the existing crest road due to construction activities. 

32. A low environmental mitigation cost factor and a high environmental mitigation cost factor will 
be used.  The low factor will be 25% and the high factor will be 35 percent.  These factors will be 
multiplied by the direct construction cost for a remediation to estimate the environmental 
mitigation cost.  All cost estimates will begin at 25 percent.  A biologist will review available data 
for a levee region (such as state environmental databases, County General Plans, etc.) and 
determine those requiring the higher percentage based upon the possible presence of wetlands, 
wetland indicator species, or threatened or endangered species.  Any main stem levee requiring 
waterside erosion remediation will also be assigned the higher environmental mitigation 
percentage. 
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DRAFT TABLE 5
SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Total Segment Length (Feet): 14,679
Segment 201: RD 2094, Unit 1

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$17,915,000Combo Berm Cost:
$17,915,000Structural Repair Subtotal:
$1,039,000Freeboard/Geometry Repair:
$1,039,000Non-Structural Repair Subtotal:

$18,954,000Total Alternative 1 Cost:

Alternative 2
$38,844,000Seepage Cutoff Wall Cost:
$38,844,000Structural Repair Subtotal:
$1,039,000Freeboard/Geometry Repair:
$1,039,000Non-Structural Repair Subtotal:

$39,883,000Total Alternative 2 Cost:

Total Segment Length (Feet): 871
Segment 203: RD 2096, Unit 1

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$2,176,000Combo Berm Cost:
$2,176,000Structural Repair Subtotal:

$77,000Freeboard/Geometry Repair:
$77,000Non-Structural Repair Subtotal:

$2,254,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Alternative 2
$2,709,000Seepage Cutoff Wall Cost:
$2,709,000Structural Repair Subtotal:

$77,000Freeboard/Geometry Repair:
$77,000Non-Structural Repair Subtotal:

$2,787,000Total Alternative 2 Cost:

Total Segment Length (Feet): 9,599
Segment 259: RD 2107, Unit 2

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1
$10,771,000Combo Berm Cost:
$10,771,000Structural Repair Subtotal:

$10,771,000Total Alternative 1 Cost:

Alternative 2
$16,834,000Seepage Cutoff Wall Cost:
$16,834,000Structural Repair Subtotal:

$16,834,000Total Alternative 2 Cost:

Total Segment Length (Feet): 29,319
Segment 336: RD 2062, Unit 2

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 70 Deficiencies Being Remediated: U+FG

Alternative 1
$13,007,000Combo Berm Cost:
$13,007,000Structural Repair Subtotal:

$13,007,000Total Alternative 1 Cost:

Alternative 2
$32,797,000Seepage Cutoff Wall Cost:
$32,797,000Structural Repair Subtotal:

$32,797,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Total Segment Length (Feet): 58,967
Segment 5006: Mormon Slough

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 50 Deficiencies Being Remediated: E+FG

Alternative 1
$16,037,000Erosion Repair:
$16,037,000Non-Structural Repair Subtotal:

$16,037,000Total Alternative 1 Cost:

Total Segment Length (Feet): 4,400
Segment 5013: RD 2089, Grant Line Canal

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+E

Alternative 1
$3,870,000S Berm Cost:
$3,870,000Structural Repair Subtotal:
$7,658,000Erosion Repair:
$7,658,000Non-Structural Repair Subtotal:

$11,528,000Total Alternative 1 Cost:

Alternative 2
$5,188,000Seepage Cutoff Wall Cost:
$5,188,000Structural Repair Subtotal:
$7,658,000Erosion Repair:
$7,658,000Non-Structural Repair Subtotal:

$12,847,000Total Alternative 2 Cost:

Total Segment Length (Feet): 5,904
Segment 185: RD 1, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T+E

Alternative 1
$9,932,000Combo Berm Cost:
$9,932,000Structural Repair Subtotal:
$1,508,000Erosion Repair:
$1,508,000Non-Structural Repair Subtotal:

$11,440,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Alternative 2
$18,324,000Seepage Cutoff Wall Cost:
$18,324,000Structural Repair Subtotal:
$1,508,000Erosion Repair:
$1,508,000Non-Structural Repair Subtotal:

$19,832,000Total Alternative 2 Cost:

Total Segment Length (Feet): 32,733
Segment 188: RD 524, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 50 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$33,325,000Combo Berm Cost:
$33,325,000Structural Repair Subtotal:
$11,430,000
$1,659,000

Erosion Repair:
Freeboard/Geometry Repair:

$13,089,000Non-Structural Repair Subtotal:

$46,414,000Total Alternative 1 Cost:

Alternative 2
$36,923,000Seepage Cutoff Wall Cost:
$36,923,000Structural Repair Subtotal:
$11,430,000
$1,659,000

Erosion Repair:
Freeboard/Geometry Repair:

$13,089,000Non-Structural Repair Subtotal:

$50,012,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 31,833
Segment 189: RD 544, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$33,824,000Combo Berm Cost:
$33,824,000Structural Repair Subtotal:
$54,622,000
$1,954,000

Erosion Repair:
Freeboard/Geometry Repair:

$56,576,000Non-Structural Repair Subtotal:

$90,400,000Total Alternative 1 Cost:

Alternative 2
$47,030,000Seepage Cutoff Wall Cost:
$47,030,000Structural Repair Subtotal:
$54,622,000
$1,954,000

Erosion Repair:
Freeboard/Geometry Repair:

$56,576,000Non-Structural Repair Subtotal:

$103,605,000Total Alternative 2 Cost:

Total Segment Length (Feet): 40,412
Segment 192: RD 2058, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 50 Deficiencies Being Remediated: U+T+E

Alternative 1
$43,567,000Combo Berm Cost:
$43,567,000Structural Repair Subtotal:
$7,644,000Erosion Repair:
$7,644,000Non-Structural Repair Subtotal:

$51,210,000Total Alternative 1 Cost:

Alternative 2
$72,881,000Seepage Cutoff Wall Cost:
$72,881,000Structural Repair Subtotal:
$7,644,000Erosion Repair:
$7,644,000Non-Structural Repair Subtotal:

$80,524,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 29,314
Segment 195: RD 2064, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$39,697,000Combo Berm Cost:
$39,697,000Structural Repair Subtotal:
$5,118,000Erosion Repair:
$5,118,000Non-Structural Repair Subtotal:

$44,815,000Total Alternative 1 Cost:

Alternative 2
$85,169,000Seepage Cutoff Wall Cost:
$85,169,000Structural Repair Subtotal:
$5,118,000Erosion Repair:
$5,118,000Non-Structural Repair Subtotal:

$90,287,000Total Alternative 2 Cost:

Total Segment Length (Feet): 39,202
Segment 196: RD 2075, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$53,317,000Combo Berm Cost:
$53,317,000Structural Repair Subtotal:

$53,317,000Total Alternative 1 Cost:

Alternative 2
$105,970,000Seepage Cutoff Wall Cost:
$105,970,000Structural Repair Subtotal:

$105,970,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 27,893
Segment 197: RD 2085, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$23,968,000
$25,525,000

Combo Berm Cost:
Seepage Cutoff Wall Cost:

$49,493,000Structural Repair Subtotal:
$9,740,000Erosion Repair:
$9,740,000Non-Structural Repair Subtotal:

$59,233,000Total Alternative 1 Cost:

Alternative 2
$81,311,000Seepage Cutoff Wall Cost:
$81,311,000Structural Repair Subtotal:
$9,740,000Erosion Repair:
$9,740,000Non-Structural Repair Subtotal:

$91,051,000Total Alternative 2 Cost:

Total Segment Length (Feet): 8,139
Segment 198: RD 2089, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+Sn+T+E

Alternative 1
$11,799,000Combo Berm Cost:
$11,799,000Structural Repair Subtotal:
$16,278,000Erosion Repair:
$16,278,000Non-Structural Repair Subtotal:

$28,077,000Total Alternative 1 Cost:

Alternative 2
$24,088,000Seepage Cutoff Wall Cost:
$24,088,000Structural Repair Subtotal:
$16,278,000Erosion Repair:
$16,278,000Non-Structural Repair Subtotal:

$40,366,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 7,297
Segment 202: RD 2095, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T

Alternative 1
$8,900,000Combo Berm Cost:
$8,900,000Structural Repair Subtotal:

$8,900,000Total Alternative 1 Cost:

Alternative 2
$12,901,000Seepage Cutoff Wall Cost:
$12,901,000Structural Repair Subtotal:

$12,901,000Total Alternative 2 Cost:

Total Segment Length (Feet): 12,299
Segment 208: RD 2107, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1
$19,069,000Combo Berm Cost:
$19,069,000Structural Repair Subtotal:

$19,069,000Total Alternative 1 Cost:

Alternative 2
$37,271,000Seepage Cutoff Wall Cost:
$37,271,000Structural Repair Subtotal:

$37,271,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 29,105
Segment 256: RD 2062, Unit 3

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 80 Deficiencies Being Remediated: U+Sn+T+E

Alternative 1
$31,406,000Combo Berm Cost:
$31,406,000Structural Repair Subtotal:
$16,344,000Erosion Repair:
$16,344,000Non-Structural Repair Subtotal:

$47,750,000Total Alternative 1 Cost:

Alternative 2
$67,439,000Seepage Cutoff Wall Cost:
$67,439,000Structural Repair Subtotal:
$16,344,000Erosion Repair:
$16,344,000Non-Structural Repair Subtotal:

$83,783,000Total Alternative 2 Cost:

Total Segment Length (Feet): 32,550
Segment 257: RD 2064, Unit 2

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 60 Deficiencies Being Remediated: U+T+FG

Alternative 1
$25,699,000Combo Berm Cost:
$25,699,000Structural Repair Subtotal:
$1,034,000Freeboard/Geometry Repair:
$1,034,000Non-Structural Repair Subtotal:

$26,734,000Total Alternative 1 Cost:

Alternative 2
$54,827,000Seepage Cutoff Wall Cost:
$54,827,000Structural Repair Subtotal:
$1,034,000Freeboard/Geometry Repair:
$1,034,000Non-Structural Repair Subtotal:

$55,861,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 18,172
Segment 258: RD 2095, Unit 2

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 80 Deficiencies Being Remediated: U+T

Alternative 1
$20,474,000Combo Berm Cost:
$20,474,000Structural Repair Subtotal:

$20,474,000Total Alternative 1 Cost:

Alternative 2
$45,545,000Seepage Cutoff Wall Cost:
$45,545,000Structural Repair Subtotal:

$45,545,000Total Alternative 2 Cost:

Total Segment Length (Feet): 22,071
Segment 334: RD 544, Unit 2

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 70 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$5,740,000Combo Berm Cost:
$5,740,000Structural Repair Subtotal:

$26,510,000
$2,275,000

Erosion Repair:
Freeboard/Geometry Repair:

$28,785,000Non-Structural Repair Subtotal:

$34,525,000Total Alternative 1 Cost:

Alternative 2
$11,882,000Seepage Cutoff Wall Cost:
$11,882,000Structural Repair Subtotal:
$26,510,000
$2,275,000

Erosion Repair:
Freeboard/Geometry Repair:

$28,785,000Non-Structural Repair Subtotal:

$40,667,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 6,854
Segment 335: RD 2089, Unit 2

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T+E

Alternative 1
$6,103,000Combo Berm Cost:
$6,103,000Structural Repair Subtotal:

$10,585,000Erosion Repair:
$10,585,000Non-Structural Repair Subtotal:

$16,688,000Total Alternative 1 Cost:

Alternative 2
$8,837,000Seepage Cutoff Wall Cost:
$8,837,000Structural Repair Subtotal:

$10,585,000Erosion Repair:
$10,585,000Non-Structural Repair Subtotal:

$19,421,000Total Alternative 2 Cost:

Total Segment Length (Feet): 25,550
Segment 5008: RD 544, Middle River

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1

$18,717,000
$8,211,000S Berm Cost:

Combo Berm Cost:
$26,929,000Structural Repair Subtotal:
$35,677,000

$932,000
Erosion Repair:
Freeboard/Geometry Repair:

$36,609,000Non-Structural Repair Subtotal:

$63,538,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$29,926,000Seepage Cutoff Wall Cost:
$29,926,000Structural Repair Subtotal:
$35,677,000

$932,000
Erosion Repair:
Freeboard/Geometry Repair:

$36,609,000Non-Structural Repair Subtotal:

$66,535,000Total Alternative 2 Cost:

Total Segment Length (Feet): 53,320
Segment 5010: RD 1, Middle River

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1

$37,410,000
$7,622,000S Berm Cost:

Combo Berm Cost:
$45,031,000Structural Repair Subtotal:

$110,023,000
$1,598,000

Erosion Repair:
Freeboard/Geometry Repair:

$111,621,000Non-Structural Repair Subtotal:

$156,653,000Total Alternative 1 Cost:

Alternative 2
$68,153,000Seepage Cutoff Wall Cost:
$68,153,000Structural Repair Subtotal:

$110,023,000
$1,598,000

Erosion Repair:
Freeboard/Geometry Repair:

$111,621,000Non-Structural Repair Subtotal:

$179,774,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 50,900
Segment 5019: RD 348, Mokelumne River

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 20 Deficiencies Being Remediated: U+T

Alternative 1
$16,676,000
$2,513,000

Combo Berm Cost:
Seepage Cutoff Wall Cost:

$19,188,000Structural Repair Subtotal:
$4,425,000Freeboard/Geometry Repair:
$4,425,000Non-Structural Repair Subtotal:

$23,613,000Total Alternative 1 Cost:

Alternative 2
$21,569,000Seepage Cutoff Wall Cost:
$21,569,000Structural Repair Subtotal:
$4,425,000Freeboard/Geometry Repair:
$4,425,000Non-Structural Repair Subtotal:

$25,994,000Total Alternative 2 Cost:

Total Segment Length (Feet): 11,880
Segment 5009: RD 524, Middle River

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 60 Deficiencies Being Remediated: U+T+FG

Alternative 1
$13,807,000Combo Berm Cost:
$13,807,000Structural Repair Subtotal:

$524,000Freeboard/Geometry Repair:
$524,000Non-Structural Repair Subtotal:

$14,331,000Total Alternative 1 Cost:

Alternative 2
$16,583,000Seepage Cutoff Wall Cost:
$16,583,000Structural Repair Subtotal:

$524,000Freeboard/Geometry Repair:
$524,000Non-Structural Repair Subtotal:

$17,107,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 4,000
Segment 5014: RD 1007, Tom Paine Slough

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 100 Deficiencies Being Remediated: E

Alternative 1
$6,261,000Erosion Repair:
$6,261,000Non-Structural Repair Subtotal:

$6,261,000Total Alternative 1 Cost:

Total Segment Length (Feet): 6,350
Segment 5015: RD 1007, Sugar Cut

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 100 Deficiencies Being Remediated: U+E

Alternative 1
$1,235,000S Berm Cost:
$1,235,000Structural Repair Subtotal:
$3,454,000Erosion Repair:
$3,454,000Non-Structural Repair Subtotal:

$4,689,000Total Alternative 1 Cost:

Alternative 2
$1,830,000Seepage Cutoff Wall Cost:
$1,830,000Structural Repair Subtotal:
$3,454,000Erosion Repair:
$3,454,000Non-Structural Repair Subtotal:

$5,284,000Total Alternative 2 Cost:

Total Segment Length (Feet): 40,040
Segment 5018: RD 1007, Old River

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 100 Deficiencies Being Remediated: U+E

Alternative 1
$21,750,000S Berm Cost:
$21,750,000Structural Repair Subtotal:
$62,122,000Erosion Repair:
$62,122,000Non-Structural Repair Subtotal:

$83,872,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$25,476,000Seepage Cutoff Wall Cost:
$25,476,000Structural Repair Subtotal:
$62,122,000Erosion Repair:
$62,122,000Non-Structural Repair Subtotal:

$87,599,000Total Alternative 2 Cost:

Total Segment Length (Feet): 5,950
Segment 5012: RD 2089, Dryland levee

Overall Reach Categorization: Hazard Level LD (B/C)
Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1
$11,836,000Combo Berm Cost:
$11,836,000Structural Repair Subtotal:

$11,836,000Total Alternative 1 Cost:

Alternative 2
$19,879,000Seepage Cutoff Wall Cost:
$19,879,000Structural Repair Subtotal:

$19,879,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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GAR Study Area: 2

Total Segment Length (Feet): 9,476
Segment 207: RD 2102, Unit 1

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1

$7,976,000
$432,000Stability Berm Cost:

Combo Berm Cost:
$8,408,000Structural Repair Subtotal:

$8,408,000Total Alternative 1 Cost:

Alternative 2
$14,107,000Seepage Cutoff Wall Cost:
$14,107,000Structural Repair Subtotal:

$14,107,000Total Alternative 2 Cost:

Total Segment Length (Feet): 32,866
Segment 190: RD 1602, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1
$30,411,000Combo Berm Cost:
$30,411,000Structural Repair Subtotal:

$30,411,000Total Alternative 1 Cost:

Alternative 2
$47,829,000Seepage Cutoff Wall Cost:
$47,829,000Structural Repair Subtotal:

$47,829,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 37,242
Segment 191: RD 2031, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 40 Deficiencies Being Remediated: U+T

Alternative 1
$15,046,000Combo Berm Cost:
$15,046,000Structural Repair Subtotal:

$15,046,000Total Alternative 1 Cost:

Alternative 2
$22,076,000Seepage Cutoff Wall Cost:
$22,076,000Structural Repair Subtotal:

$22,076,000Total Alternative 2 Cost:

Total Segment Length (Feet): 55,066
Segment 194: RD 2063, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1
$43,273,000
$16,804,000

Combo Berm Cost:
Seepage Cutoff Wall Cost:

$60,077,000Structural Repair Subtotal:

$60,077,000Total Alternative 1 Cost:

Alternative 2
$84,444,000Seepage Cutoff Wall Cost:
$84,444,000Structural Repair Subtotal:

$84,444,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 39,679
Segment 199: RD 2091, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 70 Deficiencies Being Remediated: U+T+FG

Alternative 1
$37,462,000Combo Berm Cost:
$37,462,000Structural Repair Subtotal:
$1,500,000Freeboard/Geometry Repair:
$1,500,000Non-Structural Repair Subtotal:

$38,962,000Total Alternative 1 Cost:

Alternative 2
$125,866,000Seepage Cutoff Wall Cost:
$125,866,000Structural Repair Subtotal:

$1,500,000Freeboard/Geometry Repair:
$1,500,000Non-Structural Repair Subtotal:

$127,367,000Total Alternative 2 Cost:

Total Segment Length (Feet): 19,544
Segment 200: RD 2092, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 80 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$20,104,000Combo Berm Cost:
$20,104,000Structural Repair Subtotal:
$24,258,000

$762,000
Erosion Repair:
Freeboard/Geometry Repair:

$25,020,000Non-Structural Repair Subtotal:

$45,124,000Total Alternative 1 Cost:

Alternative 2
$23,222,000Seepage Cutoff Wall Cost:
$23,222,000Structural Repair Subtotal:
$24,258,000

$762,000
Erosion Repair:
Freeboard/Geometry Repair:

$25,020,000Non-Structural Repair Subtotal:

$48,242,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 12,630
Segment 204: RD 2099, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+Sn+T+FG

Alternative 1
$15,331,000Combo Berm Cost:
$15,331,000Structural Repair Subtotal:

$970,000Freeboard/Geometry Repair:
$970,000Non-Structural Repair Subtotal:

$16,301,000Total Alternative 1 Cost:

Alternative 2
$19,205,000Seepage Cutoff Wall Cost:
$19,205,000Structural Repair Subtotal:

$970,000Freeboard/Geometry Repair:
$970,000Non-Structural Repair Subtotal:

$20,176,000Total Alternative 2 Cost:

Total Segment Length (Feet): 13,952
Segment 205: RD 2100, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+Sn+T+FG

Alternative 1
$14,444,000Combo Berm Cost:
$14,444,000Structural Repair Subtotal:

$992,000Freeboard/Geometry Repair:
$1,355,000Non-Structural Repair Subtotal:

$363,000Misc. Hazards Cost:

$16,161,000Total Alternative 1 Cost:

Alternative 2
$19,653,000Seepage Cutoff Wall Cost:
$19,653,000Structural Repair Subtotal:

$992,000Freeboard/Geometry Repair:
$1,355,000Non-Structural Repair Subtotal:

$363,000Misc. Hazards Cost:

$21,371,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 16,550
Segment 206: RD 2101, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T+E

Alternative 1
$20,090,000Combo Berm Cost:
$20,090,000Structural Repair Subtotal:
$3,415,000Erosion Repair:
$3,415,000Non-Structural Repair Subtotal:

$23,505,000Total Alternative 1 Cost:

Alternative 2
$36,047,000Seepage Cutoff Wall Cost:
$36,047,000Structural Repair Subtotal:
$3,415,000Erosion Repair:
$3,415,000Non-Structural Repair Subtotal:

$39,462,000Total Alternative 2 Cost:

Total Segment Length (Feet): 31,509
Segment 341: RD 2031, Unit 2

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 70 Deficiencies Being Remediated: U+T+E

Alternative 1
$29,380,000Combo Berm Cost:
$29,380,000Structural Repair Subtotal:
$5,501,000Erosion Repair:
$5,501,000Non-Structural Repair Subtotal:

$34,882,000Total Alternative 1 Cost:

Alternative 2
$55,276,000Seepage Cutoff Wall Cost:
$55,276,000Structural Repair Subtotal:
$5,501,000Erosion Repair:
$5,501,000Non-Structural Repair Subtotal:

$60,777,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 36,539
Segment 5001: Tuolumne River, Right Bank

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$54,914,000Combo Berm Cost:
$54,914,000Structural Repair Subtotal:
$62,637,000
$16,593,000

Erosion Repair:
Freeboard/Geometry Repair:

$79,229,000Non-Structural Repair Subtotal:

$134,144,000Total Alternative 1 Cost:

Alternative 2
$85,802,000Seepage Cutoff Wall Cost:
$85,802,000Structural Repair Subtotal:
$62,637,000
$16,593,000

Erosion Repair:
Freeboard/Geometry Repair:

$79,229,000Non-Structural Repair Subtotal:

$165,032,000Total Alternative 2 Cost:

Total Segment Length (Feet): 16,745
Segment 5002: Tuolumne River, Left Bank

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 70 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$13,834,000Combo Berm Cost:
$13,834,000Structural Repair Subtotal:
$10,392,000
$8,787,000

Erosion Repair:
Freeboard/Geometry Repair:

$19,179,000Non-Structural Repair Subtotal:
$326,000Misc. Hazards Cost:

$33,339,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$21,646,000Seepage Cutoff Wall Cost:
$21,646,000Structural Repair Subtotal:
$10,392,000
$8,787,000

Erosion Repair:
Freeboard/Geometry Repair:

$19,179,000Non-Structural Repair Subtotal:
$326,000Misc. Hazards Cost:

$41,151,000Total Alternative 2 Cost:

Total Segment Length (Feet): 7,000
Segment 5003: San Joaquin River, Left Bank

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$8,696,000Combo Berm Cost:
$8,696,000Structural Repair Subtotal:
$6,507,000Freeboard/Geometry Repair:
$6,507,000Non-Structural Repair Subtotal:

$567,000Misc. Hazards Cost:

$15,770,000Total Alternative 1 Cost:

Alternative 2
$12,014,000Seepage Cutoff Wall Cost:
$12,014,000Structural Repair Subtotal:
$6,507,000Freeboard/Geometry Repair:
$6,507,000Non-Structural Repair Subtotal:

$567,000Misc. Hazards Cost:

$19,088,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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GAR Study Area: 3

Total Segment Length (Feet): 11,711
Segment 12: Madera County FCWCA, Unit 4

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 40 Deficiencies Being Remediated: U+T

Alternative 1
$3,473,000Combo Berm Cost:
$3,473,000Structural Repair Subtotal:

$3,473,000Total Alternative 1 Cost:

Alternative 2
$4,564,000Seepage Cutoff Wall Cost:
$4,564,000Structural Repair Subtotal:

$4,564,000Total Alternative 2 Cost:

Total Segment Length (Feet): 59,855
Segment 176: Lower San Joaquin River Levee District, Unit 1

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 60 Deficiencies Being Remediated: U+T

Alternative 1
$9,695,000

$13,534,000
Stability Berm Cost:
S Berm Cost:

$23,229,000Structural Repair Subtotal:
$485,000Misc. Hazards Cost:

$23,714,000Total Alternative 1 Cost:

Alternative 2
$37,948,000Seepage Cutoff Wall Cost:
$37,948,000Structural Repair Subtotal:

$485,000Misc. Hazards Cost:

$38,433,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 22,382
Segment 179: Lower San Joaquin Levee District, Unit 5

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 80 Deficiencies Being Remediated: T+FG

Alternative 1
$8,116,000Stability Berm Cost:
$8,116,000Structural Repair Subtotal:
$2,777,000Freeboard/Geometry Repair:
$2,777,000Non-Structural Repair Subtotal:

$10,893,000Total Alternative 1 Cost:

Alternative 2
$15,161,000Seepage Cutoff Wall Cost:
$15,161,000Structural Repair Subtotal:
$2,777,000Freeboard/Geometry Repair:
$2,777,000Non-Structural Repair Subtotal:

$17,937,000Total Alternative 2 Cost:

Total Segment Length (Feet): 6,439
Segment 180: Lower San Joaquin Levee District, Unit 5

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: T+FG

Alternative 1
$3,536,000Stability Berm Cost:
$3,536,000Structural Repair Subtotal:

$705,000Freeboard/Geometry Repair:
$705,000Non-Structural Repair Subtotal:

$4,241,000Total Alternative 1 Cost:

Alternative 2
$6,362,000Seepage Cutoff Wall Cost:
$6,362,000Structural Repair Subtotal:

$705,000Freeboard/Geometry Repair:
$705,000Non-Structural Repair Subtotal:

$7,067,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 15,830
Segment 184: Lower San Joaquin Levee District, Unit 5

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1

$1,818,000
$10,196,000Stability Berm Cost:

Combo Berm Cost:
$12,015,000Structural Repair Subtotal:

$261,000Freeboard/Geometry Repair:
$261,000Non-Structural Repair Subtotal:

$12,275,000Total Alternative 1 Cost:

Alternative 2
$20,945,000Seepage Cutoff Wall Cost:
$20,945,000Structural Repair Subtotal:

$261,000Freeboard/Geometry Repair:
$261,000Non-Structural Repair Subtotal:

$21,206,000Total Alternative 2 Cost:

Total Segment Length (Feet): 14,973
Segment 218: Lower San Joaquin Levee District, Unit 5

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 100 Deficiencies Being Remediated: U+T

Alternative 1

$7,555,000
$4,859,000Stability Berm Cost:

Combo Berm Cost:
$12,415,000Structural Repair Subtotal:

$12,415,000Total Alternative 1 Cost:

Alternative 2
$29,673,000Seepage Cutoff Wall Cost:
$29,673,000Structural Repair Subtotal:

$29,673,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 10,631
Segment 254: Lower San Joaquin Levee District, Unit 15

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1

$4,727,000
$3,763,000S Berm Cost:

Combo Berm Cost:
$8,490,000Structural Repair Subtotal:

$8,490,000Total Alternative 1 Cost:

Alternative 2
$26,124,000Seepage Cutoff Wall Cost:
$26,124,000Structural Repair Subtotal:

$26,124,000Total Alternative 2 Cost:

Total Segment Length (Feet): 18,269
Segment 345: Lower San Joaquin Levee District, Unit 7

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 50 Deficiencies Being Remediated: U

Alternative 1
$2,962,000S Berm Cost:
$2,962,000Structural Repair Subtotal:
$1,384,000Freeboard/Geometry Repair:
$1,384,000Non-Structural Repair Subtotal:

$4,346,000Total Alternative 1 Cost:

Alternative 2
$4,466,000Seepage Cutoff Wall Cost:
$4,466,000Structural Repair Subtotal:
$1,384,000Freeboard/Geometry Repair:
$1,384,000Non-Structural Repair Subtotal:

$5,850,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 20,734
Segment 346: Lower San Joaquin Levee District, Unit 8

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$1,844,000Combo Berm Cost:
$1,844,000Structural Repair Subtotal:
$1,571,000Freeboard/Geometry Repair:
$1,571,000Non-Structural Repair Subtotal:

$3,415,000Total Alternative 1 Cost:

Alternative 2
$2,939,000Seepage Cutoff Wall Cost:
$2,939,000Structural Repair Subtotal:
$1,571,000Freeboard/Geometry Repair:
$1,571,000Non-Structural Repair Subtotal:

$4,510,000Total Alternative 2 Cost:

Total Segment Length (Feet): 13,100
Segment 353: Lower San Joaquin Levee District, Unit 25

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 50 Deficiencies Being Remediated: U

Alternative 1
$5,779,000S Berm Cost:
$5,779,000Structural Repair Subtotal:

$5,779,000Total Alternative 1 Cost:

Alternative 2
$8,286,000Seepage Cutoff Wall Cost:
$8,286,000Structural Repair Subtotal:

$8,286,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 7,079
Segment 356: Lower San Joaquin Levee District, Unit 13

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 80 Deficiencies Being Remediated: U+T

Alternative 1
$4,376,000Combo Berm Cost:
$4,376,000Structural Repair Subtotal:

$4,376,000Total Alternative 1 Cost:

Alternative 2
$7,200,000Seepage Cutoff Wall Cost:
$7,200,000Structural Repair Subtotal:

$7,200,000Total Alternative 2 Cost:

Total Segment Length (Feet): 7,059
Segment 358: Lower San Joaquin Levee District, Unit 14

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 80 Deficiencies Being Remediated: U+T

Alternative 1
$4,263,000Combo Berm Cost:
$4,263,000Structural Repair Subtotal:

$4,263,000Total Alternative 1 Cost:

Alternative 2
$7,208,000Seepage Cutoff Wall Cost:
$7,208,000Structural Repair Subtotal:

$7,208,000Total Alternative 2 Cost:

Total Segment Length (Feet): 10,304
Segment 359: Lower San Joaquin Levee District, Unit 16

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1

$3,889,000
$3,094,000S Berm Cost:

Combo Berm Cost:
$6,983,000Structural Repair Subtotal:

$6,983,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$23,047,000Seepage Cutoff Wall Cost:
$23,047,000Structural Repair Subtotal:

$23,047,000Total Alternative 2 Cost:

Total Segment Length (Feet): 39,740
Segment 5033: San Joaquin River, Reach 2B

Overall Reach Categorization: Hazard Level B
Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$39,493,000Seepage Cutoff Wall Cost:
$39,493,000Structural Repair Subtotal:

$574,000Freeboard/Geometry Repair:
$574,000Non-Structural Repair Subtotal:

$40,067,000Total Alternative 1 Cost:

Total Segment Length (Feet): 72,510
Segment 177: Lower San Joaquin Levee District, Unit 2

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$28,889,000Combo Berm Cost:
$28,889,000Structural Repair Subtotal:
$3,338,000Freeboard/Geometry Repair:
$3,338,000Non-Structural Repair Subtotal:

$32,228,000Total Alternative 1 Cost:

Alternative 2
$62,127,000Seepage Cutoff Wall Cost:
$62,127,000Structural Repair Subtotal:
$3,338,000Freeboard/Geometry Repair:
$3,338,000Non-Structural Repair Subtotal:

$65,465,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 41,806
Segment 178: Lower San Joaquin Levee District, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1

$27,902,000
$2,447,000Stability Berm Cost:

Combo Berm Cost:
$30,349,000Structural Repair Subtotal:

$30,349,000Total Alternative 1 Cost:

Alternative 2
$65,027,000Seepage Cutoff Wall Cost:
$65,027,000Structural Repair Subtotal:

$65,027,000Total Alternative 2 Cost:

Total Segment Length (Feet): 17,550
Segment 181: Lower San Joaquin Levee District, Unit 1

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 70 Deficiencies Being Remediated: U+T+FG

Alternative 1
$10,249,000Combo Berm Cost:
$10,249,000Structural Repair Subtotal:
$1,378,000Freeboard/Geometry Repair:
$1,378,000Non-Structural Repair Subtotal:

$11,627,000Total Alternative 1 Cost:

Alternative 2
$20,331,000Seepage Cutoff Wall Cost:
$20,331,000Structural Repair Subtotal:
$1,378,000Freeboard/Geometry Repair:
$1,378,000Non-Structural Repair Subtotal:

$21,709,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 104,000
Segment 182: Lower San Joaquin Levee District, Unit 5

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1

$58,095,000
$55,404,000S Berm Cost:

Combo Berm Cost:
$113,499,000Structural Repair Subtotal:

$8,770,000Misc. Hazards Cost:

$122,269,000Total Alternative 1 Cost:

Alternative 2
$198,162,000Seepage Cutoff Wall Cost:
$198,162,000Structural Repair Subtotal:

$8,770,000Misc. Hazards Cost:

$206,932,000Total Alternative 2 Cost:

Total Segment Length (Feet): 11,054
Segment 183: Lower San Joaquin Levee District, Unit 3,

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$7,587,000Combo Berm Cost:
$7,587,000Structural Repair Subtotal:

$477,000Freeboard/Geometry Repair:
$477,000Non-Structural Repair Subtotal:

$8,064,000Total Alternative 1 Cost:

Alternative 2
$10,831,000Seepage Cutoff Wall Cost:
$10,831,000Structural Repair Subtotal:

$477,000Freeboard/Geometry Repair:
$477,000Non-Structural Repair Subtotal:

$11,308,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 54,042
Segment 219: Lower San Joaquin Levee District, Unit 23

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 30 Deficiencies Being Remediated: U+T+FG

Alternative 1
$13,947,000Combo Berm Cost:
$13,947,000Structural Repair Subtotal:
$1,772,000Freeboard/Geometry Repair:
$1,772,000Non-Structural Repair Subtotal:
$1,352,000Misc. Hazards Cost:

$17,071,000Total Alternative 1 Cost:

Alternative 2
$27,499,000Seepage Cutoff Wall Cost:
$27,499,000Structural Repair Subtotal:
$1,772,000Freeboard/Geometry Repair:
$1,772,000Non-Structural Repair Subtotal:
$1,352,000Misc. Hazards Cost:

$30,623,000Total Alternative 2 Cost:

Total Segment Length (Feet): 44,251
Segment 220: Lower San Joaquin Levee District, Unit 24

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$17,058,000Combo Berm Cost:
$17,058,000Structural Repair Subtotal:
$1,371,000Freeboard/Geometry Repair:
$1,371,000Non-Structural Repair Subtotal:
$1,067,000Misc. Hazards Cost:

$19,496,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$36,729,000Seepage Cutoff Wall Cost:
$36,729,000Structural Repair Subtotal:
$1,371,000Freeboard/Geometry Repair:
$1,371,000Non-Structural Repair Subtotal:
$1,067,000Misc. Hazards Cost:

$39,167,000Total Alternative 2 Cost:

Total Segment Length (Feet): 50,709
Segment 252: Lower San Joaquin Levee District, Unit 6

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$69,190,000Combo Berm Cost:
$69,190,000Structural Repair Subtotal:
$4,718,000Freeboard/Geometry Repair:
$4,718,000Non-Structural Repair Subtotal:

$12,537,000Misc. Hazards Cost:

$86,444,000Total Alternative 1 Cost:

Alternative 2
$83,915,000Seepage Cutoff Wall Cost:
$83,915,000Structural Repair Subtotal:
$4,718,000Freeboard/Geometry Repair:
$4,718,000Non-Structural Repair Subtotal:

$12,537,000Misc. Hazards Cost:

$101,169,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 86,704
Segment 253: Lower San Joaquin Levee District, Unit 6

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 40 Deficiencies Being Remediated: U+T+FG

Alternative 1

$10,710,000
$30,963,000S Berm Cost:

Combo Berm Cost:
$41,673,000Structural Repair Subtotal:
$3,819,000Freeboard/Geometry Repair:
$3,819,000Non-Structural Repair Subtotal:

$45,492,000Total Alternative 1 Cost:

Alternative 2
$89,429,000Seepage Cutoff Wall Cost:
$89,429,000Structural Repair Subtotal:
$3,819,000Freeboard/Geometry Repair:
$3,819,000Non-Structural Repair Subtotal:

$93,248,000Total Alternative 2 Cost:

Total Segment Length (Feet): 85,013
Segment 261: Lower San Joaquin levee District, Unit 17

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T+FG

Alternative 1
$80,741,000Combo Berm Cost:
$80,741,000Structural Repair Subtotal:
$1,401,000Freeboard/Geometry Repair:
$1,401,000Non-Structural Repair Subtotal:

$82,143,000Total Alternative 1 Cost:

Alternative 2
$213,684,000Seepage Cutoff Wall Cost:
$213,684,000Structural Repair Subtotal:

$1,401,000Freeboard/Geometry Repair:
$1,401,000Non-Structural Repair Subtotal:

$215,085,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 47,744
Segment 27: Madera County FCWCA, Unit 5

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1
$33,833,000Combo Berm Cost:
$33,833,000Structural Repair Subtotal:

$33,833,000Total Alternative 1 Cost:

Alternative 2
$50,113,000Seepage Cutoff Wall Cost:
$50,113,000Structural Repair Subtotal:

$50,113,000Total Alternative 2 Cost:

Total Segment Length (Feet): 47,492
Segment 28: Madera County FCWCA, Unit 6

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 50 Deficiencies Being Remediated: U+T

Alternative 1
$17,954,000Combo Berm Cost:
$17,954,000Structural Repair Subtotal:

$17,954,000Total Alternative 1 Cost:

Alternative 2
$26,206,000Seepage Cutoff Wall Cost:
$26,206,000Structural Repair Subtotal:

$26,206,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 50,271
Segment 351: Lower San Joaquin Levee District, Unit 6

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1

$19,416,000
$13,624,000Stability Berm Cost:

Combo Berm Cost:
$33,040,000Structural Repair Subtotal:
$4,331,000Freeboard/Geometry Repair:
$4,331,000Non-Structural Repair Subtotal:

$37,371,000Total Alternative 1 Cost:

Alternative 2
$58,554,000Seepage Cutoff Wall Cost:
$58,554,000Structural Repair Subtotal:
$4,331,000Freeboard/Geometry Repair:
$4,331,000Non-Structural Repair Subtotal:

$62,885,000Total Alternative 2 Cost:

Total Segment Length (Feet): 17,470
Segment 352: Lower San Joaquin Levee District, Unit 11

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 60 Deficiencies Being Remediated: U

Alternative 1
$10,148,000S Berm Cost:
$10,148,000Structural Repair Subtotal:

$265,000Freeboard/Geometry Repair:
$265,000Non-Structural Repair Subtotal:

$10,413,000Total Alternative 1 Cost:

Alternative 2
$17,204,000Seepage Cutoff Wall Cost:
$17,204,000Structural Repair Subtotal:

$265,000Freeboard/Geometry Repair:
$265,000Non-Structural Repair Subtotal:

$17,469,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 17,958
Segment 354: Lower San Joaquin Levee District, Unit 12

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 50 Deficiencies Being Remediated: U

Alternative 1
$8,895,000S Berm Cost:
$8,895,000Structural Repair Subtotal:

$8,895,000Total Alternative 1 Cost:

Alternative 2
$15,080,000Seepage Cutoff Wall Cost:
$15,080,000Structural Repair Subtotal:

$15,080,000Total Alternative 2 Cost:

Total Segment Length (Feet): 84,351
Segment 357: Lower San Joaquin Levee District, Unit 18

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 70 Deficiencies Being Remediated: U+T+FG

Alternative 1
$63,847,000Combo Berm Cost:
$63,847,000Structural Repair Subtotal:
$7,034,000Freeboard/Geometry Repair:
$7,034,000Non-Structural Repair Subtotal:

$70,881,000Total Alternative 1 Cost:

Alternative 2
$165,400,000Seepage Cutoff Wall Cost:
$165,400,000Structural Repair Subtotal:

$7,034,000Freeboard/Geometry Repair:
$7,034,000Non-Structural Repair Subtotal:

$172,435,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 38,960
Segment 5023: Madera County FCWCA, Berenda Slough

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$11,659,000
$2,353,000

Combo Berm Cost:
Seepage Cutoff Wall Cost:

$14,013,000Structural Repair Subtotal:
$56,278,000Erosion Repair:
$56,278,000Non-Structural Repair Subtotal:

$70,290,000Total Alternative 1 Cost:

Alternative 2
$24,012,000Seepage Cutoff Wall Cost:
$24,012,000Structural Repair Subtotal:
$56,278,000Erosion Repair:
$56,278,000Non-Structural Repair Subtotal:

$80,289,000Total Alternative 2 Cost:

Total Segment Length (Feet): 31,300
Segment 5024: Madera FCWCA, Berenda Slough

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$19,610,000Combo Berm Cost:
$19,610,000Structural Repair Subtotal:
$45,213,000Erosion Repair:
$45,213,000Non-Structural Repair Subtotal:

$64,823,000Total Alternative 1 Cost:

Alternative 2
$33,405,000Seepage Cutoff Wall Cost:
$33,405,000Structural Repair Subtotal:
$45,213,000Erosion Repair:
$45,213,000Non-Structural Repair Subtotal:

$78,618,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 27,700
Segment 5025: Madera County FCWCA, Fresno River

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$8,330,000Combo Berm Cost:
$8,330,000Structural Repair Subtotal:

$39,272,000
$865,000

Erosion Repair:
Freeboard/Geometry Repair:

$40,137,000Non-Structural Repair Subtotal:

$48,467,000Total Alternative 1 Cost:

Alternative 2
$12,919,000Seepage Cutoff Wall Cost:
$12,919,000Structural Repair Subtotal:
$39,272,000

$865,000
Erosion Repair:
Freeboard/Geometry Repair:

$40,137,000Non-Structural Repair Subtotal:

$53,056,000Total Alternative 2 Cost:

Total Segment Length (Feet): 27,500
Segment 5026: Madera County FCWCA, Fresno River

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$6,785,000Combo Berm Cost:
$6,785,000Structural Repair Subtotal:

$38,988,000
$428,000

Erosion Repair:
Freeboard/Geometry Repair:

$39,416,000Non-Structural Repair Subtotal:

$46,201,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$11,072,000Seepage Cutoff Wall Cost:
$11,072,000Structural Repair Subtotal:
$38,988,000

$428,000
Erosion Repair:
Freeboard/Geometry Repair:

$39,416,000Non-Structural Repair Subtotal:

$50,488,000Total Alternative 2 Cost:

Total Segment Length (Feet): 102,904
Segment 5031: San Joaquin River, Reach 4A

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 30 Deficiencies Being Remediated: U+T+FG

Alternative 1
$1,590,000

$20,959,000
Combo Berm Cost:
Seepage Cutoff Wall Cost:

$22,548,000Structural Repair Subtotal:
$7,858,000Freeboard/Geometry Repair:
$7,858,000Non-Structural Repair Subtotal:
$2,409,000Misc. Hazards Cost:

$32,816,000Total Alternative 1 Cost:

Alternative 2
$23,310,000Seepage Cutoff Wall Cost:
$23,310,000Structural Repair Subtotal:
$7,858,000Freeboard/Geometry Repair:
$7,858,000Non-Structural Repair Subtotal:
$2,409,000Misc. Hazards Cost:

$33,578,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 43,710
Segment 5032: San Joaquin River Reach 2B

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$4,950,000

$12,540,000
Combo Berm Cost:
Seepage Cutoff Wall Cost:

$17,490,000Structural Repair Subtotal:
$66,647,000

$637,000
Erosion Repair:
Freeboard/Geometry Repair:

$67,283,000Non-Structural Repair Subtotal:

$84,773,000Total Alternative 1 Cost:

Alternative 2
$23,682,000Seepage Cutoff Wall Cost:
$23,682,000Structural Repair Subtotal:
$66,647,000

$637,000
Erosion Repair:
Freeboard/Geometry Repair:

$67,283,000Non-Structural Repair Subtotal:

$90,966,000Total Alternative 2 Cost:

Total Segment Length (Feet): 15,160
Segment 5034: Fresno Slough

Overall Reach Categorization: Hazard Level C
Remediated Length (%): 30 Deficiencies Being Remediated: U+T+FG

Alternative 1
$5,289,000Seepage Cutoff Wall Cost:
$5,289,000Structural Repair Subtotal:

$214,000Freeboard/Geometry Repair:
$214,000Non-Structural Repair Subtotal:

$5,502,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 7,425
Segment 355: Lower San Joaquin Levee District, Unit 4

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 100 Deficiencies Being Remediated: U

Alternative 1
$1,389,000
$7,686,000

Combo Berm Cost:
Seepage Cutoff Wall Cost:

$9,075,000Structural Repair Subtotal:

$9,075,000Total Alternative 1 Cost:

Alternative 2
$10,555,000Seepage Cutoff Wall Cost:
$10,555,000Structural Repair Subtotal:

$10,555,000Total Alternative 2 Cost:

Total Segment Length (Feet): 63,630
Segment 5028: San Joaquin River, Reach 4A

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 90 Deficiencies Being Remediated: U+FG

Alternative 1

$64,360,000
$2,444,000S Berm Cost:

Seepage Cutoff Wall Cost:
$66,803,000Structural Repair Subtotal:

$896,000Freeboard/Geometry Repair:
$896,000Non-Structural Repair Subtotal:

$67,700,000Total Alternative 1 Cost:

Alternative 2
$68,178,000Seepage Cutoff Wall Cost:
$68,178,000Structural Repair Subtotal:

$896,000Freeboard/Geometry Repair:
$896,000Non-Structural Repair Subtotal:

$69,074,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 102,521
Segment 5030: San Joaquin River, Reach 3

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 70 Deficiencies Being Remediated: U+FG

Alternative 1
$98,358,000Seepage Cutoff Wall Cost:
$98,358,000Structural Repair Subtotal:
$1,444,000Freeboard/Geometry Repair:
$1,444,000Non-Structural Repair Subtotal:

$99,802,000Total Alternative 1 Cost:

Total Segment Length (Feet): 8,517
Segment 73: Merced County Stream Group, Unit 1

Overall Reach Categorization: Hazard Level LD (A/B)
Remediated Length (%): 50 Deficiencies Being Remediated: U+FG

Alternative 1
$10,487,000Seepage Cutoff Wall Cost:
$10,487,000Structural Repair Subtotal:

$209,000Freeboard/Geometry Repair:
$209,000Non-Structural Repair Subtotal:

$10,696,000Total Alternative 1 Cost:

Total Segment Length (Feet): 57,522
Segment 5029: San Joaquin River, Reach 4A

Overall Reach Categorization: Hazard Level LD (B/C)
Remediated Length (%): 20 Deficiencies Being Remediated: U+T+E

Alternative 1
$4,417,000

$10,929,000
Combo Berm Cost:
Seepage Cutoff Wall Cost:

$15,346,000Structural Repair Subtotal:
$5,355,000
$1,485,000

Erosion Repair:
Freeboard/Geometry Repair:

$68,392,000Non-Structural Repair Subtotal:

$22,185,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$21,858,000Seepage Cutoff Wall Cost:
$21,858,000Structural Repair Subtotal:
$5,355,000
$1,485,000

Erosion Repair:
Freeboard/Geometry Repair:

$68,392,000Non-Structural Repair Subtotal:

$28,697,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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AGENCY COMMENTS

Contract Number:

Document Date:

Review  Date:
Response Date:

Verification Date:

No. Reference Comment Status1 Response to Comments
1 1.0, par 2 It seems simpler to refer to this as the North NULE Study Area, as this term 

was defined in the first paragraph.  Please change throughout TM.
A "North NULE Study Area" will replace "North Non-Urban Sacramento River 

Valley Flood Control System" after the initial definition in the first 
paragraph.

2 2.0 TAT stands for "Technical Approach Team" A  "Technical Advisory Team" will be replaced by "Technical Approach Team"  
throughout the final document.

3 2.0 should be "and a list of action items" or "and lists of action items" A The text will be revised to read "...and a list of action items…"
4 3.1.1 Is "stem" commonly used in this context?  If not, please clarify. A The word stem in this context is acceptable.  However, for clarity the 

sentence will be revised with "main river system levees" replacing "main 
stem river levees". 

5 3.1.3 I think "local" would be more appropriate than "State" A The text will be revised so that "State" is replaced by "local."
6 3.1.3 Please remove "inflated." A The text will be revised so that "inflated" is replaced by "higher"
7 3.1.7 The remediation costs for these missing segments should be estimated 

according to Assumption No. 7 in the Key Assumptions list.
A Text will be added to the report including a prorated cost for the additional 

segments.

8 3.1.8 We need to add an average cost per mile for burrow repair, based on DWR 
experience.  This is described in the Key Assumptions list (Item No. 30).

A Information received from DWR regarding average cost per mile for burrow 
repair will be incorporated into text.

9 3.2, par 1 Please be consistent when using numerals or spelled numbers (e.g., 20 vs. 
twenty).  This sentence uses "20" and "six."

C Numbers below ten are typically spelled out, anything 11 and higher is 
permissible to use as a number, e.g., 20.

10 5.0 par 6 mid 
page

Wasn't the 20% only for erosion? A Yes.  Sentence being clarified to apply to erosion case only.

11 Table 1 It would be helpful to have a summary at the beginning of this table that 
sums the presented information for all study areas.

A Table 1 will be revised to include an over-all summary table.

12 Table 1 Please add footnote to define "Structural Remediations." A Table 1 will be revised to include a footnote clarifying "Structural 
Remediations".

13 Tables 2 and 
3

Can a remediation cost per mile be added in these subtotal rows?  This 
comment applies to Tables 2 and 3.

A Tables 2 and 3 will be revised to include subtotals for remediation cost per 
mile.
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December-10

December 3, 2010
December 23, 2010
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Contract Number:

Document Date:

Review  Date:
Response Date:

Verification Date:

No. Reference Comment Status1 Response to Comments
1 Figure 4 Figure 4 (Freeboard and Geometry Repair) was not discussed in the text.  

Other Figures were at least mentioned in the text.
A Text will be included in the Final Memorandum referencing Figure 4.

2 Levee 
Lengths 
inconsistent

Levee lengths were rounded off in Table 2 (Through seepage, 
Underseepage, and Stability Remediation).  But in Table 3 (Erosion 
Remediation Cost) actual lengths are presented. Was this was the 
intention?

A Actual levee segment lengths will be presented on each applicable table, 
remediation lengths will be rounded in each table.

4600008102

December-10

December 13, 2010
December 23, 2010Responder: Fran Bean

Pirathapan Yogeswaran and Arasan Singanayaham, DWR

Reply
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Document in 
Review/Rev No.
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Program Name
Client
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DWR Non-Urban Levee Geotechnical Evaluations Program
DWR

Reviewer:
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Protection of Small 
Communities 
This appendix documents the conceptual design and cost estimates for 
providing protection for small communities within the Systemwide 
Planning Area. Protection approaches 100-year level for structural 
remediation of existing levees or new levees.  However, local drainage 
issues were not analyzed for 100-year protection and costs and other non-
structural improvements may be required to provide 100-year level of 
protection.  Small-community cost estimates are incorporated into the 
overall total costs described in Appendix A. 

Background 

Small communities were defined as developed areas with fewer than 
10,000 residents. Because small communities do not fall in the category of 
urban or urbanizing areas (10,000 or more residents, currently or within the 
next 10 years), they are not required to meet the State-mandated 200-year 
level of protection requirements for urban areas. However, they are 
required to continue to meet the Federal Emergency Management Agency 
(FEMA) standard 100-year level (1 percent Annual Exceedence Probability 
(AEP)) of protection for property located within the flood hazard zone. 

As a part of the Protect High Risk Communities Approach, small 
communities were identified using the follow data sources: 

• California Department of Finance 

• Census-Designated Places (CDP) 

• California List of Places (U.S. Geological Survey Topographic 
Quadrangle) 

Flood threats to small communities were characterized using attributes 
related to flood frequency, potential flood depth, and proximity to the 
nearest river. These characterizations were then used to prioritize the small 
communities into four categories: 
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• Group A (High Hazard) – Communities subject to high flooding 
frequency (greater than 1 percent per year) and also subject to deep 
flooding conditions (potential flood depths exceeding 3 feet on 
average). 

• Group B (Moderate to High Hazard) – Communities subject to high 
flooding frequency (greater than 1 percent per year), subject to sheet 
flooding conditions (potential flood depths of less than 3 feet on 
average), and less than two miles from a major flooding source. 

• Group C (Low to Moderate) – Communities subject to high flooding 
frequency (greater than 1 percent per year), subject to sheet flooding 
conditions (potential flood depths of less than 3 feet on average), and 
more than two miles from a major flooding source. 

• Group D (Low Hazard) – Communities that are not subject to high 
flooding frequency (less than 1 percent per year). 

Improving protection facilities is one option to mitigate flood threats to 
small communities. This can be accomplished by strengthening 
(reconstruction-in-place) existing levees, raising existing levees, and/or 
constructing new levees.  The following sections describe the process of 
developing designs and cost estimates for the improvements needed to 
protect each small community. Small communities considered are depicted 
in Figures D-1 and D-2. 

Conceptual Design Approach 

A combination of data sources was used to determine a conceptual design 
for structural fixes needed to provide 1 percent AEP flood level protection 
to each small community. The first step was to identify existing project and 
nonproject levee sections surrounding the community identified in 
Geotechnical Assessment Reports (GAR) for the South and North Non-
Urban Levee Evaluations (NULE) Project study areas (April 2010). The 
NULE GARs evaluated existing levees and recommended remediation 
needed to restore them to the 1955/57 design criteria. Additional nonproject 
levees not covered in the NULE GARs were identified in existing 
geographic information system (GIS) mapping. The levees covered by the 
NULE GARs were further evaluated to determine if the 1955/57 level 
remediation would provide the required 3 feet of freeboard for 1 percent 
AEP water levels by comparing top-of-levee and 1 percent AEP water-
level elevations from the hydraulic routing analysis (using a UNET model). 
If adequate freeboard was not available, a levee raise was recommended for 
the existing levee. 
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Updated floodplain depths and extents were not available for use in 
developing the 2012 CVFPP.  To identify small communities at risk, a 
combination of Sacramento and San Joaquin River Basins Comprehensive 
Study (Comprehensive Study) 1 percent floodplains (FLO-2D) and FEMA 
1 percent floodplain mapping was used (USACE, 2002).  For communities 
identified using the FEMA floodplain data, it was not certain whether the 
source of flooding was SPFC facilities or local drainages; local drainages 
would be outside the scope of the CVFPP.  Consequently, future analyses 
will be needed to refine the potential State of California (State) interest in 
improving the level of protection for these communities as part of CVFPP 
implementation. 
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Figure D-1.  Small Communities Within Sacramento River Basin 
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Figure D-2.  Small Communities Within San Joaquin River Basin 
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Using the best hydraulic data available, each small community was also 
examined to determine if new levees were needed to provide protection 
either in addition to fixing existing levees in place, or in lieu of a 
reconstruction-in-place alternative. The new levee category also included 
existing levees not covered in the NULE GARs; these levees were 
recommended to be replaced because no information was available to 
determine a reconstruction-in-place alternative.  For “new” and “replaced 
existing” levees, required levee height was calculated as the depth of flood 
inundation found on the FLO-2D inundation maps plus 3 feet of freeboard.  
FLO-2D inundation maps were created in GIS using 1 percent AEP flood 
inundation depths created using levee performance curves from the 
Comprehensive Study. 

Levee Design Criteria 

The DWR Urban Levee Design Criteria (ULDC)1 were used, as 
appropriate to levee location and function, in the conceptual design of new 
levees for this study.  Conceptual levee designs include a waterside slope of 
3H: 1V and a landside slope of 2H: 1V.  For inspection and emergency 
vehicle access, a 12-foot-wide crown would be constructed with a 10-foot-
wide by 6-inch-deep layer of aggregate base material along an entire 
alignment.  Crowns 20 feet wide were used for levees greater than 15 feet 
in height.  Easements would include a permanent, 20-foot-wide right-of-
way (ROW) on each side of training, tieback, and ring levees for inspection 
and maintenance, plus an additional temporary 5 feet on each side of the 
levees for construction.  Easements for new levees along existing channels 
would include a 20-foot-wide ROW, plus an additional temporary 5 feet on 
the landside, only.  To help prevent erosion, all areas except the 10-foot-
wide gravel roadway along the crown would receive a hydroseed 
application after construction. 

Cost Estimating 

Cost estimates for each small community were based on two sources: 

• Reconstruction-in-place cost extracted from the DWR South and North 
NULE Project Remediation Alternatives and Cost Estimate Reports 
(RACER) (June 2011). 

• New levee cost developed based on the Parametric Cost Estimating 
Tool (PCET), which was used in the RACERs. 

A description of how these sources were used to provide cost information 
is included in the following sections. 

                                                           
1 The ULDC are under development at the time of this report. 
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Common Elements 

A consistent cost approach was applied to the direct and indirect costs 
(Tables D-1 and D-2).  The common elements were based on the same 
criteria used in the Sacramento and San Joaquin river watersheds for Urban 
Levee Evaluations (ULE) Project and NULE cost estimating to have 
comparable costs for establishing the State’s priorities and allocations. 

Table D-1.  Common Elements – Direct Unit Costs 

Item Unit/sum Unit Cost/Percentage 

Excavation cubic yard $5 

Clearing and Grubbing acre $5,000 

Stripping acre $3,000 

Waste Material cubic yard $4 

Embankment Fill cubic yard $16 

Fill cubic yard $4 

Aggregate Road Base ton $35 

Hydroseeding acre $2,000 

Permanent Right-of-Way acre $10,000 – $300,000 

Temporary Easement acre $5,000 

Unallocated Items lump sum 5% 

Mobilization and 
Demobilization 

lump sum 5% 

Environmental Mitigation lump sum 25% 

Table D-2.  Common Elements – Indirect Costs 

Item Cost Percentage 

Escalation (to October 2011) 3% 

Contingency 30% 

Engineering and Design 15% 

Permitting and Legal 5% 

Engineering Services During Construction 2% 

Construction Management 15% 

Reconstruction-in-Place Cost 

Costs were extracted from the NULE RACERs according to the levee 
segment identified in the NULE GARs and the adverse conditions being 
remediated. If an entire levee segment was recommended for repair, the 
least-cost alternative identified in the NULE RACERs was used. If only a 
portion of the levee segment was recommended for repair, there were two 
options for associating costs based on the length of the levee portion: 
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1. If the length of the portion of the levee was greater than the length 
being remediated in the associated cost option for the entire levee 
segment, then the cost as described in the RACER to repair the entire 
levee segment was used. 

2. If the length of the portion of the levee was less than the length being 
remediated in the associated cost option for the entire levee segment, 
then the cost of remediation was assigned to the alternative on a cost-
per-length basis. 

For both options, performance events were used to define the most 
prevalent levee hazard condition in the portion. The cost of remediation for 
that levee condition issue was used to determine cost. If no performance 
event was identified, the least-cost alternative was used. 

New Levee Cost 

The process for estimating costs for new levees began with creating an 
average levee cross section along a proposed alignment.  From FLO-2D 
hydraulic modeling results, the proposed horizontal and vertical alignments 
were initially determined.  Horizontal alignments for conceptual levees 
were typically chosen along boundaries of the most densely populated 
regions of the community.  However, proposed horizontal alignments can 
vary, depending on the layout of a community, existing topography, 
whether the origin of simulated flood flows can reliably be determined, or a 
combination of all three. 

Vertical alignments for new levees were based on either an average height 
method or, more conservatively, the uppermost limit of inundation from 
simulated water depths.  The average height method considered the level of 
inundation from simulated FLO-2D modeling for various lengths of the 
proposed horizontal alignments and averages them.  Both methods for 
determining vertical alignments included an additional 3 feet of freeboard.  
After an average levee cross section was established, areas and volumes 
were then calculated along the proposed alignments. 

From these calculated volumes and areas, the following quantities were 
then produced: clearing, stripping, and grubbing; waste material; 
embankment fill; aggregate road base for levee crowns; hydroseeding; and 
easement acquisitions.  To create more thorough cost estimates, and to be 
consistent with the cost-estimating analysis for reconstruction-in-place 
repairs, additional line items for construction and indirect costs were added.  
These line items include (as a percentage of civil construction costs) 
unallocated items, mobilization and demobilization, environmental 
mitigation (and as a percentage of total costs) escalation, contingency, 
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engineering design, permitting and legal, engineering services during 
construction, and construction management. 

Small Community Characteristics and Cost 

Table D-3 summarizes the characteristics and cost estimates developed for 
the Group A, B, and C communities. The table includes communities that 
receive protection from the SPFC and those outside the SPFC Planning 
Area. It should be noted that ranges reflecting cost uncertainties are not 
shown in this table. Cost uncertainty ranges are developed in Appendix A. 
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Group A Communities 

This section describes the conceptual design and cost estimate for each 
Group A community. The following is a list of the communities covered in 
this section: 

• Knights Landing 

• Grayson 

• Isleton 

• Walnut Grove 

• Meridian 

• Nicolaus 

• Courtland 

• Robbins 

• Hood 

• Friant 

Knights Landing 

Knights Landing is an unincorporated community in Yolo County that sits 
at the confluence of the Colusa Basin Drainage Canal, Knights Landing 
Ridge Cut, and Sacramento River, which border the north, west, and 
southern portions of the community, respectively. FLO-2D hydraulic 
modeling results overlaid on an aerial photo of Knights Landing (Figure D-
3) showed that the water depth from a simulated 1 percent AEP flood 
would range from 0 to 15 feet in the community. 

Two options were identified to protect Knights Landing. Option 1 is a 
reconstruction-in-place alternative repairing all of Levee Segments 162, 
172, and 217, as described in the NULE GAR, with the addition of a 1.4-
foot levee raise to the entire length of Segment 162 based on the 1 percent 
AEP water levels from the UNET model. This option would provide 
protection to an area beyond the community south, toward the Yolo 
Bypass. The least-cost alternative, as shown in the RACER, was used for 
each segment, giving a total capital cost of $10.1 million for Option 1. This 
cost does not include costs associated with raising all of Levee 
Segment 162. 
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Figure D-3.  Knights Landing Levees Approach 
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Option 2 is a combination alternative that would provide a ring levee 
system.  It would involve reconstruction-in-place repairs to portions of 
Segments 217 and 162, with the addition of a 1.4-foot levee raise to the 
portion of Segment 162, as well as construction of a new levee on the south 
between existing Levee Segments 217 and 162. The new levee would have 
a 12-foot crown, with an average height of 18 feet, spanning about 1.04 
miles. This option would provide protection only to the area within the 
Knights Landing community (Figure D-3). Cost for portions of Segments 
217 and 162 were selected based on the performance events listed for each 
segment in the segment summaries of the NULE GAR. No performance 
events were shown for the portion of Segment 217, and the length of the 
portion was more than the total length of repair for the least-cost alternative 
for the entire segment; therefore, the least-cost alternative, as shown in the 
RACER, was used. Segment 162 showed under-seepage issues in the area, 
and the length of the portion was less than the total length for the cost of 
remediation that included under-seepage; therefore, the cost per length of 
the under-seepage alternative was applied to a portion of Segment 162. The 
new levee cost was assessed using the developed methodology. The total 
capital cost for Option 2, not including the costs associated with raising the 
portion of Levee Segment 162, was estimated to be $26.4 million. 

Grayson 

Grayson is an unincorporated community in Stanislaus County located 
directly adjacent to the left bank of the San Joaquin River.  FLO-2D 
hydraulic modeling results referenced over aerial photography of Grayson 
(Figure D-4) revealed that a water depth from a simulated 1 percent AEP 
storm would be in the range of 1.5 to 10 feet in the areas closest to the San 
Joaquin River.  In addition, GAR and RACER information was reviewed 
for the type and cost of remediation necessary to repair the existing levee 
next to Grayson.  After analyzing the available data, it was determined that 
reconstruction-in-place repairs along the left bank of the San Joaquin River, 
in combination with constructing a new training levee on the northern edge 
of town, would protect Grayson from a 1 percent AEP storm (Figure D-4). 

The recommended repairs along the left bank of the San Joaquin River 
include remediation for under-seepage, through-seepage, and nonseepage-
related stability.  The cost to repair the entire 1.8-mile levee segment, 
identified in the GAR as Segment 207, is estimated at $8.4 million, which 
calculates to about $4.7 million per mile.  The cost per mile was then 
applied to only a 0.50-mile portion of Segment 207 (Figure D-4), to 
estimate the reconstruction-in-place costs. 

To complete the conceptual layout, a training levee would be constructed 
beginning at the left bank of the San Joaquin River and extending about 0.2 
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miles westward along the northern edge of Grayson.  The training levee has 
been conservatively designed with an average height of 5.73 feet.  The 
average height was calculated by using a weighted average of 8 feet (5 feet 
plus an additional 3 feet of freeboard) for a portion of the alignment, and 
4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for the remaining 
portion.  The total cost for construction, including reconstruction-in-place 
repairs, was estimated to be $2.7 million. 
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Figure D-4.  Grayson Levees Approach 
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Isleton 

Isleton is a city in Sacramento County located on Andrus Island in the 
Delta. It sits on the left bank of the Sacramento River along California 
State Route 160. A small portion of the city stretches south to the 
Georgiana Slough, just east of the oxbow. FLO-2D hydraulic modeling 
results overlaid on an aerial photograph of Isleton showed that the water 
depth from a simulated 1 percent AEP flood would range from 5 to 15 feet 
in the city (Figure D-5). 

The conceptual design for Isleton is a combination alternative that would 
provide a ring levee system.  It would involve reconstruction-in-place 
repairs to portions of Segments 40 and 378, with the addition of a 0.7-foot 
levee raise to a portion of Segment 378, as well as construction of two new 
levees on the east and west between existing Levee Segments 40 and 378. 
The new levees would have a 12-foot crown, with an average height of 
18 feet, spanning about 2.8 miles in total. This option would provide 
protection beyond the city limits (Figure D-5). Cost for the portions of 
Segments 40 and 378 were selected based on the performance events listed 
for each segment in the segment summaries of the NULE GAR (DWR 
2010). Segment 40 showed under-seepage issues in the area, and the length 
of the portion was more than the total length of repair for the cost of 
remediation that included under-seepage; therefore, the under-seepage cost 
alternative for the entire segment, as shown in the RACER (DWR 2011), 
was used.  Segment 378 showed stability issues in the area, and the length 
of the portion was less than the total length for the cost of remediation that 
included stability; therefore, the cost per length of the stability alternative 
was applied to a portion of Segment 378. The new levee cost was assessed 
using the developed methodology. The total capital cost for Isleton, not 
including the costs associated with raising the portion of Levee Segment 
378, was estimated to be $34.9 million. 
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Figure D-5.  Isleton Levees Approach 
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Walnut Grove 

Walnut Grove is a Census Designated Place (CDP) in Sacramento County 
located on portions of Grand and Tyler islands at the confluence of the 
Sacramento River, Georgiana Slough, Delta Cross Canal, and Snodgrass 
Slough. FLO-2D hydraulic modeling results overlaid on an aerial 
photograph of Walnut Grove showed that the water depth from a simulated 
1 percent AEP flood would range from 0 to 15 feet in the CDP (Figure 
D-6). 

The conceptual design for Walnut Grove is a combination alternative that 
would provide a ring levee system.  It would involve reconstruction-in-
place repairs to portions of Levee Segments 384, 1040, 121, 127, and 128, 
with the addition of an 0.8-foot levee raise to the portion of Segment 
384 based on 1 percent AEP water levels from the UNET model, as well as 
construction of three new levees and replacing seven existing levees with 
new levees. The new levees would have a 12-foot crown with an average 
height of 18 feet, spanning about 1.5 miles in total. This option would 
provide protection beyond the city limits (Figure D-6).  No performance 
events where shown for the portion of Segments 384 and 1040, and the 
lengths of the portions were more than the total lengths of repair for the 
least-cost alternative for the entire segments, respectively; therefore, the 
least-cost alternatives, as shown in the RACER (DWR 2011), were used. 
Segments 121, 127, and 128 were categorized as low for all levee condition 
categories, meaning no repairs were recommended. Therefore, no 
remediation costs were associated with these segments. The new levee cost 
was assessed using the developed methodology. The total capital cost for 
Walnut Grove was estimated to be $40.6 million. This cost does not 
include costs associated with raising the portion of Levee Segment 384 or 
other levee raises, which were not assessed at this time because data from 
the UNET model are pending. 
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Figure D-6.  Walnut Grove Levees Approach 
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Meridian 

Meridian is an unincorporated community located along the left bank of the 
Sacramento River in Sutter County.  FLO-2D hydraulic modeling results 
referenced over aerial photography of Meridian (Figure D-7) showed that 
the water depth from a simulated 1 percent AEP flood would be in the 
range of 0 to 15 feet.  In addition, GAR (DWR 2010) and RACER 
(DWR 2011) information was reviewed for the type and cost of 
remediation necessary to repair the existing levee adjacent to Meridian.  
After analyzing the available data, it was determined that reconstruction-in-
place repairs along the left bank levee of the Sacramento River, in 
combination with construction of a ring levee around Meridian, would 
protect the community from a 1 percent AEP flood (Figure D-7). 

The recommended repairs along the left bank of the Sacramento River 
include remediation for under-seepage, through-seepage, and nonseepage-
related stability.  The cost to repair a 3.1-mile portion of the levee segment, 
identified in the GAR as Segment 115, is estimated at $34.3 million, which 
calculates to about $11.1 million per mile.  The cost per mile was then 
applied to only the 0.34-mile portion of Segment 115 (Figure D-7) to 
estimate the reconstruction-in-place costs.  Although areas of inadequate 
freeboard related to 1957 design elevations were not identified along 
Segment 115, more data are needed to determine whether the levee 
segment has the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and overall 
size of the levee prism may apply. 

To complete the conceptual layout, a new ring levee would be constructed 
to encircle Meridian.  The 1.51-mile ring levee would begin and end at the 
left bank of the Sacramento River, encapsulating the portion of the existing 
levee to receive reconstruction-in-place repairs.  The average height of 
12.88 feet was calculated using a weighted average of 18 feet (15 feet plus 
an additional 3 feet of freeboard), 13 feet (10 feet plus an additional 3 feet 
of freeboard), 8 feet (5 feet plus an additional 3 feet of freeboard), and 
4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for different 
portions of the ring levee alignment, depending on the simulated water 
depth from hydraulic modeling.  Total cost for construction, including 
reconstruction-in-place repairs, was estimated to be $12.4 million. 



2012 Central Valley Flood Protection Plan 
Attachment 8J: Cost Estimates 
Appendix D. Protection of Small Communities 

D-22 January 2012 
 Public Draft 

 
Figure D-7.  Meridian Levees Approach 
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Nicolaus 

Nicolaus is an unincorporated town and area in Sutter County along 
California State Route 99, about 0.1 miles south of the Feather River.  
FLO-2D hydraulic modeling results overlaid on an aerial photograph of 
Nicolaus showed no inundation during a 1 percent AEP flood in the town 
(Figure D-8). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design is a reconstruction-in-place 
alternative repairing all of Levee Segment 247, as described in the NULE 
GAR (DWR 2010). This option would provide protection to an area 
beyond the town (Figure D-8). The least-cost alternative, as shown in the 
RACER (DWR 2011), was used for Segment 247, giving a total capital 
cost of $1.9 million. This cost does not include expenses associated with 
levee raises, which were not assessed at this time because data from the 
UNET model are pending. 
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Figure D-8.  Nicolaus Levees Approach 
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Courtland 

Courtland is an unincorporated community in Sacramento County located 
along the left bank of the Sacramento River along California State Route 
160, 17 miles south-southwest of Sacramento.  FLO-2D hydraulic 
modeling results overlaid on an aerial photograph of Courtland showed no 
inundation during a 1 percent AEP flood in the community (Figure D-9). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design is a reconstruction-in-place 
alternative repairing all of Levee Segments 126 and 131, as described in the 
NULE GAR (DWR 2010). This option would provide protection to an area 
beyond the community (Figure D-9). The least-cost alternative, as shown in 
the RACER (DWR 2011), was used for each segment, giving a total capital 
cost of $12.6 million. This cost does not include expenses associated with 
levee raises, which were not assessed at this time because data from the 
UNET model are pending. 
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Figure D-9.  Courtland Levees Approach 
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Robbins 

Robbins is an unincorporated town in Sutter County situated about 1.5 to 
two miles from the left bank of the Sacramento River to the west and 
about 2.5 to three miles from the right bank of the Sutter Bypass to the east.  
FLO-2D hydraulic modeling results referenced over aerial photography of 
Robbins (Figure D-10) showed that a water depth from a simulated 
1 percent AEP flood would be a minimum of 5 to 10 feet over the entire 
area, with as much as 10 to 15 feet of inundation in some lower-lying areas.  
In addition, the GAR (DWR 2010) and RACER (DWR 2011) information 
was reviewed for the type and cost of remediation necessary to repair 
existing levees in the Robbins area.  Reconstruction-in-place options were 
ultimately eliminated because of the considerable distance between the 
existing levees along the Sacramento River and the Sutter Bypass and the 
town of Robbins.  To reliably protect Robbins with reconstruction-in-place 
options, several miles of existing levees nearest to and upstream from 
Robbins would require a significant amount of remediation related to 
under-seepage, through-seepage, and nonseepage-related stability.  After 
considering the geographical size and layout of Robbins, as well as its 
proximity to existing levees, constructing a ring levee around the town was 
chosen as the most practical approach to protect Robbins from a 1 percent 
AEP flood (Figure D-10). 

A conceptual ring levee has been conservatively designed with an average 
height of 13.91 feet.  The average height was calculated using a weighted 
average of 13 feet (10 feet plus an additional 3 feet of freeboard) for most 
of the ring levee, and 18 feet (15 feet plus an additional 3 feet of freeboard) 
for the areas with the deepest inundation.  The length of levee needed to 
encircle Robbins was approximated at 2.25 miles, and the total cost for 
construction was estimated to be $16.5 million. 



2012 Central Valley Flood Protection Plan 
Attachment 8J: Cost Estimates 
Appendix D. Protection of Small Communities 

D-28 January 2012 
 Public Draft 

 
Figure D-10.  Robbins Levee Approach 
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Hood 

Hood is an unincorporated community in Sacramento County located on 
the left bank of the Sacramento River along California State Route 160, 15 
miles south of downtown Sacramento. FLO-2D hydraulic modeling results 
overlaid on an aerial photograph of Hood showed that the simulated water 
depth from a simulated 1 percent AEP flood would range from 0 to 15 feet 
(Figure D-11). 

The conceptual design for Hood is a combination alternative that would 
provide a ring levee system.  It would involve reconstruction-in-place 
repairs to portions of Levee Segment 106, as well as construction of new 
levee on the north and replacement of existing levees with new levees on 
the east and south. The new levees would have a 12-foot crown, with an 
average height of 18 feet, spanning about 1.5 miles in total. This option 
would provide protection beyond the city limits (Figure D-11). Cost for the 
portions of Segment 106 was selected based on the performance events 
listed for each segment in the segment summaries of the NULE GAR 
(DWR 2010). Segment 106 showed under-seepage issues in the area, and 
the length of the portion was less than the total length for the cost of 
remediation, which included under-seepage; therefore, the cost per length 
of the under-seepage alternative was applied to a portion of Segment 160. 
The new levee cost was assessed using the developed methodology. The 
total capital cost for Hood was estimated to be $19.9 million. This cost 
does not include expenses associated with levee raises, which were not 
assessed at this time because data from the UNET model are pending. 
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Figure D-11.  Hood Levees Approach 
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Friant 

Friant is an unincorporated community in Fresno County located along the 
left bank of the San Joaquin River, just below Friant Dam and Millerton 
Lake.  FLO-2D hydraulic modeling results referenced over aerial 
photography of Friant (Figure D-12) revealed that simulated water depth 
from a simulated 1 percent AEP flood would be greater than 15 feet in 
areas closest to the San Joaquin River, decreasing farther south into Friant.  
GAR (DWR 2010) and RACER (DWR 2011) information does not apply 
because there is no existing levee along the left bank of the San Joaquin 
River adjacent to Friant.  As a result, the conceptual levee layout to protect 
Friant from a 1 percent AEP flood includes a new, substantial levee along 
the left bank of the San Joaquin River as well as a less robust tieback levee 
to the west. 

The conceptual left bank levee was designed with a height of 23 feet.  
Because hydraulic modeling results closest to the river showed the range of 
water depths to be greater than 15 feet, with no explicit maximum upper 
limit, the conceptual left bank levee was conservatively designed with a 
height of 23 feet (20 feet plus an additional 3 feet of freeboard). 

The conceptual tieback levee was conservatively designed with an average 
height of 13 feet.  The average height was calculated using a weighted 
average of 23 feet (20 feet plus an additional 3 feet of freeboard) for the 
portion of the alignment closest to the left bank levee, and 4.5 feet (1.5 feet 
plus an additional 3 feet of freeboard) for the remaining portion.  The total 
cost for construction, including reconstruction-in-place repairs, was 
estimated at $22.6 million. 
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Figure D-12.  Friant Levees Approach 



 Protection of Small Communities 
 

January 2012 D-33 
Public Draft 

Group B Communities 

This section describes the conceptual design and cost estimate for each 
Group B community. The following is a list of the communities covered in 
this section: 

• Firebaugh 

• Colusa 

• Durham 

• Rio Vista 

• Wheatland 

• Gerber-Las Flores 

• Glenn 

• Clarksburg 

• Verona 

• Grimes 

• Princeton 

• Palermo 

• Butte City 

• Mendota 

• Bethel Island 

• Chester 

• Los Molinos 

• Hamilton City 

• Thornton 

• Tranquility 

• Tehama 

Firebaugh 

The City of Firebaugh is located along the San Joaquin River in Fresno 
County.  Most of the community lies along the left bank of the San Joaquin 
River; however, two small subdivisions and a water treatment facility are 
located on the other side of the San Joaquin River, along the right bank.  
FLO-2D hydraulic modeling results referenced over aerial photography of 
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Firebaugh (Figure D-13) showed that the water depth from a simulated 1 
percent AEP flood would be in the range of 0 to 15 feet.  In addition, the 
NULE GAR (DWR 2010) and RACER (DWR 2011) information was 
reviewed for the type and cost of remediation necessary to repair the left 
and right banks of the San Joaquin River adjacent to Firebaugh.  After 
analyzing the available data, it was determined that reconstruction-in-place 
repairs along the left bank levee of the San Joaquin River, in combination 
with the construction of training levees to the north and south, would 
protect the community west of the San Joaquin River (left bank) from a 1 
percent AEP flood (Figure D-13).  In addition, construction of two separate 
ring levees to protect the water treatment facility and the larger of the two 
subdivisions along the right bank of the San Joaquin River would protect 
most of the community east of the San Joaquin River from a 1 percent AEP 
flood.  The smaller of the two subdivisions to the east, which contains 11 
homes, would be difficult to protect through the use of levees because of its 
proximity to a canal on one side.  To protect the smaller subdivision, costly 
repairs along the right bank of the San Joaquin River or the construction of 
a levee/floodwall combination would need to be considered. 

The recommended repairs along the left bank of the San Joaquin River 
include remediation for freeboard and geometry only.  About 1.94 miles of 
the levee segment, identified in the GAR as Segment 5030, were identified 
as having inadequate freeboard and geometry, with no reference to 
location.  Also, hydraulic modeling results from a 1 percent AEP flood 
appear to simulate areas of overtopping adjacent to Firebaugh.  In the 
interest of being conservative, the entire cost to fix freeboard and geometry 
was applied to the 3.64-mile portion of the levee segment identified in the 
conceptual layout for Firebaugh (Figure D-13) to estimate reconstruction-
in-place costs.  Although the cost to repair freeboard along Segment 5030 
to 1955 design elevations was applied to the current cost estimate, more 
data are needed to determine if the levee segment has the minimum 3 feet 
of freeboard for a 1 percent AEP level of protection.  Additional costs to 
increase the crown elevation and overall size of the levee prism may apply. 

In addition to reconstruction-in-place repairs along the left bank of the San 
Joaquin River, two training levees would be constructed, both north and 
south of Firebaugh, to complete the conceptual layout west of the river.  
The northern training levee, which would extend 1.37 miles, would begin 
at the left bank of the San Joaquin River and stretch along the edge of the 
city to cut off floodflows from the north.  The northern training levee was 
conservatively designed with an average height of 4.65 feet.  The average 
height was calculated by using a weighted average of 8 feet (5 feet plus an 
additional 3 feet of freeboard) for the portion of the alignment closest to the 
river, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for the 
remaining portion. 
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The southern training levee would begin at the left bank of the San Joaquin 
River and stretch 0.96 miles along the edge of the city, cutting off 
encroaching floodflows from the south.  The southern training levee was 
conservatively designed with an average height of 4.72 feet.  The average 
height was calculated by using a weighted average of 8 feet (5 feet plus an 
additional 3 feet of freeboard) for the portion of the alignment closest to the 
river, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for the 
remaining portion. 

The conceptual layout east of the San Joaquin River (right bank) consists of 
two ring levees.  The first ring levee would encircle a housing subdivision 
consisting of about 70 residences and one commercial business.  The ring 
levee totals approximately 1.32 miles, and was conservatively designed 
with an average height of 4.63 feet.  The average height was calculated by 
using a weighted average of 8 feet (5 feet plus an additional 3 feet of 
freeboard) for a small portion of the ring levee to the southeast and 4.5 feet 
(1.5 feet plus an additional 3 feet of freeboard) for the remaining portion. 

The second ring levee to the east surrounds a water treatment facility 
directly adjacent to the right bank of the San Joaquin River.  The ring levee 
extends 0.32 miles, and has been conservatively designed with an average 
height of 6.83 feet.  The average height was calculated by using a weighted 
average of 8 feet (5 feet plus an additional 3 feet of freeboard) for most of 
the alignment, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) 
for the remaining portion.  The total cost for construction, including 
reconstruction-in-place repairs, both training levees, and both ring levees, 
was estimated at $8.8 million. 
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Figure D-13.  Firebaugh Levees Approach 
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Colusa 

The City of Colusa is located along the right bank of the Sacramento River 
in Colusa County.  FLO-2D hydraulic modeling results referenced over 
aerial photography of Colusa (Figure D-14) showed that the water depth 
from a simulated 1 percent AEP flood would be in the range of 0 to 15 feet.  
In addition, GAR (DWR 2010) and RACER (DWR 2011) information was 
reviewed for the type and cost of remediation necessary to repair the 
existing levee adjacent to Colusa.  After analyzing the available data, it was 
determined that reconstruction-in-place repairs along the right bank levee 
of the Sacramento River, in combination with construction of a training 
levee extending along the north and west of Colusa, would protect the 
community from a 1 percent AEP flood (Figure D-14). 

The recommended repairs along the right bank of the Sacramento River 
include remediation for under-seepage, through-seepage, and freeboard and 
geometry for the first levee segment, and under-seepage, through-seepage, 
and erosion for the second segment.  More costly repair alternatives were 
chosen for both levee segments based on previous seepage issues along the 
segments, and because of sharp meander in the Sacramento River as it 
approaches Colusa.  The cost to repair a 0.63-mile portion of the first levee 
segment, identified in the GAR as Segment 100, was estimated at $7 
million, which calculates to about $9.9 million per mile.  The cost to repair 
the second 4.0-mile levee segment, identified in the GAR as Segment 287, 
was estimated at $53.5 million, which calculates to about $13.4 million per 
mile.  The cost per mile was then applied to the entire 0.63-mile portion of 
Segment 100 and a 2.26-mile portion of Segment 287 (Figure D-14) to 
estimate the total reconstruction-in-place costs.  The more expensive repair 
alternative for Levee Segment 100 was selected because it addresses under-
seepage, which has proven to be a problem for Colusa during periods of 
high water in the Sacramento River.  The more expensive repair alternative 
for Levee Segment 287 was also chosen, because it addresses under-
seepage and erosion; boils have been observed in the past, and erosion has 
occurred.  In addition, there are sharp meanders along the Sacramento 
River upstream and adjacent to Colusa, where the channel is against the 
levee (no setback).  Although the cost to restore freeboard along Segment 
100 to 1957 design elevations was applied to the current cost estimate, 
more data are needed to determine if both Segment 100 and Segment 287 
have the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and the overall 
size of the levee prism may apply. 

To complete the conceptual layout, a training levee would be constructed 
beginning from the right bank of the Sacramento River, just north of 
Colusa.  From the right bank of the Sacramento River, the training levee 
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would first extend about 0.53 miles westward, then run south for an 
additional 1.83 miles (approximately).  The training levee was 
conservatively designed with an average height of 6.13 feet.  The average 
height was calculated by using a weighted average of 18 feet (15 feet plus 
an additional 3 feet of freeboard), 8 feet (5 feet plus an additional 3 feet of 
freeboard), and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for 
different portions of the training levee alignment, depending on the 
simulated water depth from hydraulic modeling.  The total cost for 
construction, including reconstruction-in-place repairs, was estimated to be 
$45.3 million. 
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Figure D-14.  Colusa Levees Approach 
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Durham 

Durham is a Census-Designated Place (CDP) in Butte County about five 
miles southeast from Chico and about one mile west from Butte Creek. 
Because of its close proximity to Chico, Durham may need to be 
considered when addressing protection for that area. FLO-2D hydraulic 
modeling results overlaid on an aerial photograph of Durham showed no 
inundation during a 1 percent AEP flood in the community (Figure D-15). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design is a reconstruction-in-place 
alternative repairing all of Levee Segments 263 and 381, as described in the 
NULE GAR (DWR 2010). This option would provide protection to an area 
beyond the community (Figure D-15). The least-cost alternative, as shown 
in the RACER (DWR 2011), was used for each segment, giving a total 
capital cost of $29.2 million. This cost does not include expenses 
associated with levee raises, which were not assessed at this time because 
data from the UNET model are pending. 
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Figure D-15.  Durham Levees Approach 
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Wheatland 

The City of Wheatland is a community situated between the left bank of 
Dry Creek and the right bank of the Bear River in Yuba County.  FLO-2D 
hydraulic modeling results did not show flooding from a simulated 1 
percent AEP flood, although Wheatland is identified by FEMA as being in 
a 1 percent AEP floodplain.  GAR (DWR 2010) and RACER (DWR 2011) 
information was reviewed for the type and cost of remediation necessary to 
repair the existing levees affecting Wheatland.  After analyzing the 
available data, it was determined that reconstruction-in-place repairs along 
the entire length of the left bank levee of Dry Creek adjacent to Wheatland 
would address flooding potential until more data become available 
(Figure D-16).  Flooding potential from the right bank of the Bear River 
was not considered significant enough in the GAR to merit a cost analysis 
for reconstruction-in-place repairs at this time. 

The recommended repairs along the left bank of Dry Creek include 
remediation only for freeboard and geometry.  Given that FLO-2D 
hydraulic modeling results were unable to confirm areas of inundation, the 
least-cost alternatives were selected to repair the entire length of both levee 
segments adjacent to Wheatland.  The cost to repair the left bank of Dry 
Creek, identified in the GAR as Segment 138, was estimated to be 
$0.5 million.  The cost to repair the left bank of Dry Creek, identified in the 
GAR as Segment 154, was estimated to be $0.4 million.  Therefore, the 
total cost to remediate the entire length of each segment was estimated to 
be $0.9 million.  Although the cost to restore freeboard along Segments 
138 and 154 to 1957 design elevations was applied to the current cost 
estimate, more data are needed to determine if both Segments 138 and 
154 have the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and the overall 
size of the levee prism may apply. 
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Figure D-16.  Wheatland Levees Approach 
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Glenn 

Glenn is an unincorporated community in Glenn County located about one 
mile west of the Sacramento River, at the intersection of State Route 
45 and State Route 162, about 10 miles east of Interstate 5 (I-5). FLO-2D 
hydraulic modeling results overlaid on an aerial photo of Glenn showed 
that the water depth from a simulated 1 percent AEP flood would range 
from 0 to 1.5 feet in the community. 

The conceptual design for Glenn would provide a ring levee system.  It 
would involve constructing a new levee on the north, west, and south and 
replacing a portion of an existing levee along the Sacramento River east of 
the community with a new levee. The new levees would have a 12-foot 
crown, with an average height of 4.5 feet, spanning about 1.9 miles in total. 
This option would provide protection to only the area within the Glenn 
community (Figure D-17). The new levee cost was assessed using the 
developed methodology. The total cost estimate for Glenn is $8.6 million. 
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Figure D-17.  Glenn Levees Approach 
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Clarksburg 

Clarksburg is an unincorporated community in Yolo County along the right 
bank of the Sacramento River and Elk Slough. FLO-2D hydraulic modeling 
results overlaid on an aerial photo of Clarksburg showed that the water 
depth during a simulated 1 percent AEP flood would range from 0 to 5 feet 
(Figure D-18). 

The conceptual design for Clarksburg is a combination alternative that 
would provide a ring levee system.  It would involve reconstruction-in-
place repairs to portions of Levee Segments 303 and 244, as well as 
construction of new levees on the north and west. The new levees would 
have a 12-foot crown, with an average height of 8 feet, spanning about 
1.6 miles in total. This option would provide protection to only the area 
within the Clarksburg community (Figure D-18). No performance events 
were shown for the portions of Segments 303 and 244, and the length of the 
portions was more than the total lengths of repair for the least-cost 
alternative for the entire segments respectively; therefore, the least-cost 
alternatives, as shown in the RACER, were used. The new levee cost was 
assessed using the developed methodology. The total capital cost for 
Clarksburg was estimated to be $13.7 million. This cost does not include 
costs associated with levee raises, which were not assessed at this time 
because data from the UNET model are pending. 
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Figure D-18.  Clarksburg Levees Approach 
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Tehama 

The City of Tehama is located along the right bank of the Sacramento 
River in Tehama County.  FLO-2D hydraulic modeling results did not 
show flooding from a simulated 1 percent AEP flood, although Tehama is 
identified by FEMA as being in a 1 percent AEP floodplain.  GAR (DWR 
2010) and RACER (DWR 2011) information was reviewed for the type and 
cost of remediation necessary to repair the existing levees affecting 
Tehama.  After analyzing the available data, it was determined that 
reconstruction-in-place repairs along the entire length of the right bank 
levee of Elder Creek adjacent to Tehama would address flooding potential 
until more data become available.  Flooding potential along the right bank 
of the Sacramento River adjacent to Tehama was not addressed in the GAR 
because no levees appear to exist (Figure D-19). 

Recommended repairs along the right bank of Elder Creek include 
remediation only for freeboard and geometry.  Given that FLO-2D 
hydraulic modeling results were unable to confirm areas of inundation, the 
least-cost alternative was selected to repair the entire length of the levee 
segment adjacent to Tehama.  The cost to repair the right bank of Elder 
Creek, identified in the GAR as Segment 59, was estimated to be $3.8 
million.  Although the cost to repair freeboard along Segment 59 to 1957 
design elevations was applied to the current cost estimate, more data are 
needed to determine if Segment 59 would have the minimum 3 feet of 
freeboard for a 1 percent AEP level of protection.  Additional costs to 
increase the crown elevation and overall size of the levee prism may apply. 
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Figure D-19.  Tehama Levees Approach 
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Grimes 

Grimes is an unincorporated community located along the right bank of the 
Sacramento River in Colusa County.  FLO-2D hydraulic modeling results 
referenced over aerial photography of Grimes (Figure D-20) showed that 
water depth from a simulated 1 percent AEP flood would be 0 to 1.5 feet.  
In addition, GAR (DWR 2010) and RACER (DWR 2011) information was 
reviewed for the type and cost of remediation necessary to repair the 
existing levee adjacent to Grimes.  After analyzing the available data, it 
was determined that reconstruction-in-place repairs along the right bank 
levee of the Sacramento River, in combination with construction of a 
training levee south of Grimes, would protect the community from a 1 
percent AEP flood (Figure D-20). 

Recommended repairs along the right bank of the Sacramento River 
include remediation for under-seepage, through-seepage, nonseepage-
related stability, erosion, and freeboard.  The most thorough approach to 
repairs was chosen because of past performance issues along the levee 
segment associated with under-seepage, erosion, and possibly through-
seepage.  The cost to repair a 3.53-mile portion of the levee segment, 
identified in the GAR as Segment 288, was estimated to be $41.9 million, 
which calculates to about $11.9 million per mile.  The cost per mile was 
then applied to only the 0.50-mile portion of Segment 288 (Figure D-20) to 
estimate the reconstruction-in-place costs.  Although the cost to repair 
freeboard along Segment 288 to 1957 design elevations was applied to the 
current cost estimate, more data are needed to determine if the levee 
segment has the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and overall 
size of the levee prism may apply. 

To complete the conceptual layout, a training levee would be constructed 
beginning from the right bank of the Sacramento River, just south of 
Grimes.  From the right bank of the Sacramento River, the training levee 
would extend westward along the edge of the community.  The training 
levee was conservatively designed with a height of 4.5 feet (1.5 feet plus an 
additional 3 feet of freeboard) along the entire alignment.  The total cost for 
construction, including reconstruction-in-place repairs, was estimated to be 
$7.0 million. 
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Figure D-20.  Grimes Levee Approach 
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Butte City 

Butte City is an unincorporated community located along the left bank of 
the Sacramento River in Glenn County.  FLO-2D hydraulic modeling 
results referenced over aerial photography of Butte City (Figure D-21) 
showed that a water depth from a simulated 1 percent AEP flood would be 
in the range of 0 to 5 feet.  In addition, GAR (DWR 2010) and RACER 
(DWR 2011) information was reviewed for the type and cost of 
remediation necessary to repair the existing levee adjacent to Butte City.  
After analyzing the available data, it was determined that reconstruction-in-
place repairs along the left bank levee of the Sacramento River, in 
combination with the construction of a ring levee around Butte City, would 
protect the community from a 1 percent AEP flood (Figure D-21). 

Recommended repairs along the left bank of the Sacramento River include 
remediation for under-seepage, through-seepage, seepage-related stability, 
erosion, and freeboard.  Costs for erosion, freeboard, and geometry have 
been included, given previous observations of water backing up at the 
Highway 162 bridge just downstream from Butte City and The river 
channel is next to the left-bank levee with no setback.  The cost to repair a 
4.2-mile portion of the levee segment, identified in the GAR as Segment 
68, was estimated to be $33 million, which calculates to about $7.9 million 
per mile.  The cost per mile was then applied to only the 0.34-mile portion 
of Segment 68 (Figure D-21) to estimate the reconstruction-in-place costs.  
Although the cost to repair freeboard along Segment 68 to 1957 design 
elevations was applied to the current cost estimate, more data are needed to 
determine if the levee segment has the minimum 3 feet of freeboard for a 
1 percent AEP level of protection.  Additional costs to increase the crown 
elevation and overall size of the levee prism may apply. 

To complete the conceptual layout, a new ring levee would be constructed, 
completely encircling Butte City.  The 0.94-mile ring levee would begin 
and end at the left bank of the Sacramento River, encapsulating the portion 
of the existing levee to receive reconstruction-in-place repairs.  The 
average height of 6.25 feet was calculated using a weighted average of 
8 feet (5 feet plus an additional 3 feet of freeboard) for part of the 
alignment, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for 
the remaining sections.  The total cost for construction, including 
reconstruction-in-place repairs, was estimated to be $6.1 million. 
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Figure D-21.  Butte City Levees Approach 
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Mendota 

Mendota is a city in Fresno County located 8.5 miles south-southeast of 
Firebaugh and about one mile west of Fresno Slough. FLO-2D hydraulic 
modeling results overlaid on an aerial photograph of Mendota showed that 
water depth during a simulated 1 percent AEP flood would range from 0 to 
10 feet. 

The conceptual design for Mendota would provide a ring levee system.  
It would involve constructing a new levee on the west, east, and south, and 
replacing a portion of an existing levee along the canal on the north of the 
city with new levees. The new levees would have 12-foot crowns, with an 
average height of 4.5 feet for the new levees, spanning approximately 
6.5 miles in total. This option would provide protection to an area beyond 
the city limits (see Figure D-22). The new levee cost was assessed using 
the developed methodology. The total capital cost for Mendota was 
estimated to be $12.7 million. 
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Figure D-22.  Mendota Levees Approach 
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Communities Not Assessed 

The communities in this section have been identified by FEMA as being in 
the 1 percent AEP floodplain. However, the FLO-2D hydraulic data 
overlaid on the aerial photography did not show 1 percent AEP inundation, 
and either partial or no data in the NULE GARs (DWR, 2010) were 
available. Because of the lack of input data, the following communities 
were not assessed: Palermo, Princeton, Bethel Island, Verona, Thornton, 
Chester, Los Molinos, Rio Vista, Tranquility, and Gerber-Las Flores. The 
community of Palermo is a special case because it will be assessed as a part 
of Oroville in Group B. 

Group C Communities 

This section describes the conceptual design and cost estimate for each 
Group C community. The following is a list of the communities covered in 
this section: 

• Dos Palos/South Dos Palos 

• Biggs 

• Upper Lake 

• Byron 

• Knightsen 

Dos Palos/South Dos Palos 

Dos Palos is a city in Merced County located 23 miles south-southwest of 
Merced. South Dos Palos is a Census-Designated Place (CDP) in Merced 
County located two miles southwest of Dos Palos. Because these 
communities are in such close proximity to each other, they were assessed 
as one area. FLO-2D hydraulic modeling results overlaid on an aerial 
photograph of Dos Palos/South Dos Palos showed no inundation during a 
simulated 1 percent AEP flood (Figure D-24). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design would be a reconstruction-in-place 
alternative repairing all of Levee Segments 5028 and 5029, as described in 
the NULE GAR (DWR 2010). This option would provide protection to an 
area beyond the city (Figure D-24). The least-cost alternative, as shown in 
the RACER (DWR 2011), was used for each segment, giving a total capital 
cost estimate of $2.4 million. This cost does not include expenses 
associated with levee raises, which were not assessed at this time because 
data from the UNET model are pending. 
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Figure D-24.  Dos Palos Levees Approach 
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Biggs 

Biggs is a city in Butte County about one mile west of State Route 99 and 
three miles north of Gridley. FLO-2D hydraulic modeling results overlaid 
on an aerial photograph of Biggs showed no inundation during a simulated 
1 percent AEP flood. 

Because no inundation was shown, constructing a new levee was not an 
option. A reconstruction-in-place alternative repairing the entire Levee 
Segment 110, as described in NULE GAR (DWR 2010), was then 
considered. However, Segment 110 was categorized as low for all levee 
condition categories, meaning no repairs were recommended and no 
remediation costs were identified. 

Upper Lake 

Upper Lake is an unincorporated community situated between the left bank 
of Middle Creek and the left bank of Alley Creek in Lake County.  FLO-
2D hydraulic modeling results overlaid on aerial photograph of Upper Lake 
did not show flooding from a simulated 1 percent AEP flood, although 
Upper Lake is identified by FEMA as being in a 1 percent AEP floodplain.  
GAR (DWR 2010) and RACER (DWR 2011) information was reviewed 
for the type and cost of remediation necessary to repair the existing levees 
adjacent to Upper Lake.  After analyzing the available data, it was 
determined that reconstruction-in-place repairs along the entire lengths of 
the left bank levee of Middle Creek and the left bank levee of Alley Creek 
adjacent to Upper Lake would address flooding potential until more data 
become available. 

The recommended repairs along the left bank of Middle Creek and the left 
bank of Alley Creek include only remediation for freeboard and geometry.  
Given that FLO-2D hydraulic modeling results were unable to confirm 
areas of inundation, the least-cost alternatives were selected to repair the 
entire length of both levee segments (Figure D-25).  The cost to repair the 
left bank of Middle Creek (Reaches 1 and 2), identified in the GAR as 
Segment 81, was estimated to be $8.3 million.  The cost to repair the left 
bank of Alley Creek, identified in the GAR as Segment 267, was estimated 
to be $2.8 million.  Therefore, the total cost to remediate the entire length 
of each segment was estimated to be $11.1 million.  Although the cost to 
restore freeboard along Segment 100 to 1957 design elevations was applied 
to the current cost estimate, more data are needed to determine if both 
Segment 81 and Segment 267 have the minimum 3 feet of freeboard for a 1 
percent AEP level of protection.  Additional costs to increase the crown 
elevation and the overall size of the levee prism may apply. 
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Figure D-25.  Upper Lake Levees Approach 



2012 Central Valley Flood Protection Plan 
Attachment 8J: Cost Estimates 
Appendix D. Protection of Small Communities 

D-60 January 2012 
 Public Draft 

Communities Not Assessed 

The communities in this section have been identified by FEMA as being in 
the 1 percent AEP floodplain. However, the FLO-2D hydraulic data 
overlaid on the aerial photography did not show 1 percent AEP inundation, 
and either partial or no data in the NULE GARs (DWR 2010) were 
available. Due to the lack of input data, the communities of Byron and 
Knightsen were not assessed. 
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Acronyms and Abbreviatons 

AACE ........................ Association for the Advancement of Cost 
Engineering 

AF ............................. acre-feet 

Annual Report ........... Local Agency Annual Report 

Board ........................ Central Valley Flood Protection Board 

CDP .......................... Census-Designated Places 

CFR ........................... Code of Federal Regulations 

cfs ............................. cubic feet per second 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

FCSSR ...................... Flood Control System Status Report 

GAR .......................... Geotechnical Assessment Reports 

NULE ........................ Non-urban Levee Evaluations 

O&M .......................... operations and maintenance 

PCE ........................... Parametric Cost Estimation 

PCET ........................ Parametric Cost Estimating Tool 

RACER ..................... Remedial Alternatives and Cost Estimate Report 

RD ............................. Reclamation District 

SPFC ........................ State Plan of Flood Control 

TRLIA ........................ Three Rivers Levee Improvement Authority 

ULDC ........................ Urban Levee Design Criteria 

ULE ........................... Urban Levee Evaluations 

USACE ...................... U.S. Army Corps of Engineers 
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Flood Corridor Expansion 
This appendix documents conceptual design and cost estimates for flood 
corridor expansion features, including levee setbacks. 

Background 

The CVFPP goals include the primary goal of Improving Flood Risk 
Management.  Widening sections of the Sacramento and San Joaquin rivers 
by setting levees back from their existing locations would appear to create 
additional capacity during floods.  However, hydraulic modeling of 
widened river channels has shown little systemwide hydraulic benefit.  This 
is because flooding potential under the larger hydrologic events is still 
possible if channel capacity upstream and downstream from the widened 
section remains constricted, thus creating flood stage levels high enough to 
threaten existing levee integrity.  The limited hydraulic impact of levee 
setbacks illustrates the need for systemwide analysis when addressing flood 
risk.  However, setback levees can be applied to a comprehensive strategy 
and even provide benefits outside direct flood stage reduction. 

The CVFPP goals also include the following supporting goals: 

• Improve Operations and Maintenance 

• Promote Ecosystem Functions 

• Improve Institutional Support 

• Promote Multi-Benefit Projects 

Levee setback opportunities that do not create significant additional flow 
capacity can still provide benefits to many of the CVFPP supporting goals. 

Promote Ecosystem Functions 

If setbacks are created in areas with strong potential for frequent high water 
inundation, those areas may create improved riparian habitat for many 
species. 
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Improve Operations and Maintenance 

A primary cost element in levee maintenance is the repair of erosion areas 
after high flow events.  In other words, the more often a levee is used to 
contain high flow events, the more likely it is to lose material and its 
preferred geometry.  Levees that are frequently challenged by high flow 
events and are left unmaintained or unrepaired for erosion issues have a 
higher probability of a structural failure.  Setting back levees in such areas 
can reduce the average flow cycles of wetting and erosion, thereby 
reducing the long-term erosion repair costs.  

The simplest reduction in Operations and Maintenance (O&M) effort and 
costs comes from the reduction of levee length.  Levees that are set back 
and no longer follow the historical meander of the river can be 
straightened, thus shortening the length of the levee asset.  The river 
channel would be allowed to meander within the levee boundaries, but the 
setback levees would not constrain the river’s path in a direct way for lower 
flow. 

Promote Multi-Benefit Projects 

Setback levees created in the right areas can reconnect a river system to 
historical floodplain areas, oxbow lakes and ponds, as well as native tree 
groves.  In the future, these areas can be developed into habitat restoration 
areas or used to foster recreation opportunities. 

Improve Institutional Support 

As setback levee locations are identified, and modern levees are built to 
replace older levees, flood risk management improves because of the 
greater structural reliability of levees built to current standards.  In this 
way, setback levees can gain additional local support.  Additional support 
can be obtained for improved flood risk management based on the natural 
synergy between levee setback projects and nongovernment organizations 
(NGO) advocating plant and wildlife restoration.  Also, recent projects 
have been able to demonstrate additional financial benefits from new or 
preserved wildlife habitats created by levee setbacks.  Projects that may 
have previously had participation only from a local agency or government 
entities such as DWR or USACE now have participation from the 
California Department of Fish and Game (DFG) and the U.S. Fish and 
Wildlife Service (USFWS). 

Additional stakeholder and institutional support increases a project’s 
potential for success.  As projects are increasingly assessed for not only 
their economic benefits, but also for their social and environmental 
benefits, additional institutional support becomes helpful, and in some 
cases, necessary for project completion. 
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Conceptual Design Approach 

As part of the CVFPP, hydrologic and hydraulic analyses were combined 
with detailed topographic information from Light Detection and Ranging 
(LiDAR) data to identify areas adjacent to existing levees in the 
Sacramento and San Joaquin river watersheds that were likely to inundate 
with spring wet-weather river flow in 1.5-year and two-year recurrence 
intervals. 

A map demonstrating this inundation potential modeling is shown in 
Figure E-1. 
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Figure E-1.  Generalized Map of 1.5-Year and 2-Year Spring Flow Floodplain Inundation 
Potential – Sacramento River 
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Floodplain Restoration Opportunities Analysis 

Ecosystem restoration is a key component of the CVFPP, and management 
actions related to habitat restoration have been drafted as part of the 
CVFPP planning process. Further refinement of these management actions 
will be formed by an understanding of habitat restoration opportunities, in 
terms of the location, acreage, and expected ecosystem benefits of each 
management action, that are possible within the context of the SPFC.  
Specifically, identifying suitable setback area locations, defining the extent 
of the work, and developing a preliminary cost can advance the habitat 
restoration component of the CVFPP. 

The basis for a preliminary assessment of setback levee locations was 
output of the floodplain restoration opportunities analysis (FROA).  
Attachment 2: Conservation Framework and its supporting documentation 
contain detailed descriptions of the ecosystem restoration opportunities 
analysis.  Figure E-2 shows the conceptual intent of setback levees for 
restoration opportunities and the hydraulic connectivity that can be 
achieved seasonally. 

 
Figure E-2. Hypothetical Cross Section with Boundary Water 
Surfaces of Floodplain Inundation Potential Categories 

Results of the FROA support identification, prioritization, and further 
development of specific restoration opportunities. Opportunities are 
identified and prioritized on the basis of their potential ecological, flood 
management, and other benefits (e.g., reduced maintenance and regulatory 
compliance costs); cost; and regulatory, institutional, technological, and 
operational feasibility. 

The cost component of the restoration opportunities should come from 
some level of specific analysis of restoration potential and conceptual 
design of the setback levees themselves.  In this way, specific project 
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impacts and quantities can be estimated, and accepted cost principles 
applied. 

Using the Flood Inundation Potential (FIP) maps, setback levees were 
located to follow existing contours and avoid removing and replacing 
major infrastructure such as roads, canals, bridges, and residential and 
agricultural/industrial developments.  Preliminary locations estimated for 
levee setbacks are shown in Figures E-3 and E-4. 
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Figure E-3.  Setback Levee Project Locations, Sacramento River 
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Figure E-4.  Map Setback Levee Project Locations, San Joaquin River 
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Specific conceptual levee setback opportunities are shown in the following 
figures.  The length of the new levees, removal of existing levees, and area 
of land created by these conceptual setback levee projects formed the basis 
and provide the quantities for the cost estimates. 

Costs Basis and Development 

Costs were generated for setback levees parametrically.  Unit costs were 
developed based on land type and levee function from other representative 
studies and construction projects for setback levees.  Table E-1 lists cost 
development assumptions. 

Table E-1.  Cost Assumptions for Setback Levees 

Element Cost or Percentage 

Environmental, Permitting, Engineering,  
and Feasibility 

25% 

ROW Cost $22,000 per acre 

New Setback Levee Cost $20 – $25 million/mile 

Levee Removal Cost $5 – $10 million/mile 

Fix-in-Place Levee Cost $15 – $20 million/mile 
Key: 
ROW = right-of-way 

Setback projects and data are listed in Table E-2.  Four conceptual setback 
levee projects were identified in the Sacramento River, and five conceptual 
setback levee projects were identified in the San Joaquin River. 
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Table E-2.  Conceptual Setback Projects and Quantities 

Project Basin Region 
New Levee 

Length 
(miles) 

Removed 
Levee Length 

(miles) 

Fix-in-Place 
Levee Length 

(miles) 

Restored 
Area 

(acres) 

FTR1 Sacramento Feather 5.6 8.4 9.3 4,000 

MSAC1 Sacramento Mid-Sac 4.3 5.7 4.3 1,000 

MSAC2 Sacramento Mid-Sac 8.4 15.2 5.2 3,000 

MSAC3 Sacramento Mid-Sac 7.8 10.7 6.2 2,000 

LSJ1 San Joaquin Lower SJ 5.6 12.8 7.7 3,000 

LSJ2 San Joaquin Lower SJ 5.6 8.4 9.3 2,000 

MSJ1 San Joaquin Middle SJ 10.6 11.6 2.5 4,000 

USJ1 San Joaquin Upper SJ 7.1 8.5 2.6 2,000 

USJ2 San Joaquin Upper SJ 10.4 11.3 12.5 5,000 

Totals 65.4 92.6 59.4 26,000 

Key: 
Sac = Sacramento 
SJ = San Joaquin 

The conceptual setback projects would create 26,000 acres of potential 
riparian habitat.  The habitat created may bring additional institutional 
support and financial benefits to the CVFPP.  Setback projects would also 
reduce monitored and maintained levee length by 27 miles.  This would 
save a significant amount of money in annual maintenance. 

If these projects were to move forward toward implementation, they would 
require a feasibility analysis of alternatives. The analysis would need to 
further assess the impacts to existing agricultural uses, local infrastructure, 
and river and levee access.  Additional detail for the conceptual setback 
levee approach is shown for each project in Figures E-5 through E-13. 

The high and low range of conceptual construction costs are listed in 
Table E-3.  The nine projects would cost between $3.2 billion and $4.5 
billion to construct.  This cost does not include long-term maintenance and 
restoration costs (tree, shrub, grass plantings, temporary irrigation) for the 
restoration acreage. 
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Table E-3.  Summary of Setback Levee Costs 

Project 
Total Construction Cost 

(low) 
Total Construction Cost 

(high) 

FTR1  $381,408,500   $519,854,050  

MSAC1  $201,276,950   $294,718,650  

MSAC2  $386,807,260   $552,329,180  

MSAC3  $345,190,150   $490,166,950  

LSJ1  $356,844,340   $509,253,520  

LSJ2  $337,408,500   $475,854,050  

MSJ1  $395,038,150   $540,414,650  

USJ1  $268,030,710   $381,322,830  

USJ2  $562,191,900   $755,309,700  

Totals $3,234,196,460 $4,519,223,580 
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Figure E-5.  MSAC1 Conceptual Setback Area, Sacramento River 
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Figure E-6.  MSAC2 Conceptual Setback Area, Sacramento River 
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Figure E-7.  MSAC3 Conceptual Setback Area, Sacramento River 
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Figure E-8.  FTR1 Conceptual Setback Area, Feather River 
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Figure E-9. LSJ1 & LSJ2 Conceptual Setback Area, San Joaquin River 
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Figure E-10.  MSJ1 Conceptual Setback Area, San Joaquin River 
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Figure E-11.  USJ1 Conceptual Setback Area, San Joaquin River 
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Figure E-12.  USJ2 Conceptual Setback Area, San Joaquin River 
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PCET ........................ Parametric Cost Estimating Tool 

RACER ..................... Remedial Alternatives and Cost Estimate Report 

RD ............................. Reclamation District 
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Executive Order S-13-08 

Tasks State agencies with 
developing California’s first strategy 
to identify and prepare for expected 
climate impacts. 

1.0 Introduction 
This section provides the purpose of this attachment, background 
information (including planning areas and goals), an overview of potential 
climate change effects on the Central Valley flood management system, 
and report organization. 

1.1 Purpose of this Attachment 

The State of California’s (State) climate is dynamic. Traditionally, flood 
management agencies have used past experience and historical climate 
records to make decisions and develop investment strategies.  Advances in 
climate science over the past decade have produced several new techniques 
that can allow flood management issues to be considered using future 
projections of climate. Climate change already affects California, and the 
potential future consequences of climate change are significant (Resources 
Agency, 2009). Therefore, California recognizes that the time to act is now. 
In response to the need for action, State legislation requires consideration 
of climate change conditions in plan development. According to Senate Bill 
5 (Statutes of 2008), the Central Valley Flood Protection Plan (CVFPP) 
should include the following: 

A description of the probable impacts of projected climate change, 
projected land use patterns, and other potential flood management 
challenges on the ability of the system to provide adequate levels of 
flood protection (California Water Code Section 9614). 

Potential impacts could result from changing location and timing of 
precipitation, sea level rise, increased temperatures, and extreme weather 
events.  Similarly, the California Department of Water 
Resources (DWR) is currently assessing the likely extent 
of climate change over the foreseeable future and the 
potential changes to regional and statewide water 
resources conditions consistent with Executive Order S-
13-08 and related State policies.  CVFPP development is 
in coordination with other ongoing projects and programs. 

This report documents an assessment of probable impacts of projected 
climate change on the ability of the flood management system to provide 
adequate levels of flood protection. It includes a description of potential 
climate change effects on flood management, a discussion of the unique 
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Climate Change Threshold Analysis Approach, and presents the results of a 
pilot study demonstrating the Climate Change Threshold Analysis 
Approach. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, DWR has prepared a sustainable, integrated flood 
management plan called the CVFPP, for adoption by the Central Valley 
Flood Protection Board (Board).  The 2012 CVFPP provides a systemwide 
approach to protecting lands currently protected from flooding by existing 
facilities of the State Plan of Flood Control (SPFC), and will be updated 
every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

The Climate Change Threshold Analysis Approach developed for the 
CVFPP is applicable throughout the Systemwide Planning Area. However, 
for the 2012 CVFPP, a pilot study demonstrating the Climate Change 
Threshold Analysis Approach focused on the Yuba-Feather river system. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

Understanding how a changing climate may affect the flood management 
system is an important requirement for improving flood risk management 
in the Systemwide Planning Area. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 
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• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 
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1.6 Climate Change and Flood Management 

Three major categories of potential climate change effects are related to 
flood management; these include changes in precipitation and runoff 
patterns, sea level rise, and economic development.  The first two 
categories of change relate to the chance of flooding, and the third category 
of change relates to consequences of flooding. 

1.6.1 Change in Precipitation and Runoff Patterns 

Historically, about 15 million acre-feet of runoff in California (with about 
14 million acre-feet estimated in the Central Valley) originated from 
snowpack that accumulated in winter and melted gradually from April 
through July (DWR, 2008). About two-thirds of the runoff in the Central 
Valley originated in the Sacramento Valley (DWR, 2006).  California’s 
water storage and conveyance infrastructure gathers this melting snow in 
the spring and delivers it for use during the drier summer and fall months. 

Increased temperatures may alter precipitation and runoff patterns, such as 
a rise in snow-line elevations, earlier snowmelt occurrence, more 
precipitation falling as rain instead of snow, and reductions in the volume 
of overall snowpack.  Knowles and Cayan (2002) found that the 
combination of warmer storms and earlier snowmelt may cause April 
watershed total snow accumulation to drop by 5 percent of present levels 
by 2030, 36 percent by 2060, and 52 percent by 2090. Already, a greater 
proportion of annual runoff has been occurring earlier in a water year 
(Knowles et al., 2006).  The combination of earlier snowmelt and shifts 
from snowfall to rainfall seem likely to increase flood peak flows and flood 
volumes (Miller et al., 2003; Fissekis, 2008; Dettinger et al., 2009), which 
is likely to affect associated flood risk.  Higher snow lines could increase 
flood risk because more watershed area contributes to direct runoff.  From 
an O&M viewpoint, these higher snow lines could increase erosion rates 
that would result in greater sediment loads and turbidity, altering channel 
shapes and depths, and possibly increasing sedimentation behind dams and 
affecting habitat and water quality (DWR, 2008). 

Just as climate change is expected to change the magnitude and frequency 
of flooding, the same is expected of forest fires because of drier warm-
season fuel conditions. For 70 years, the 220,000-acre Matilija fire of 1932 
stood as California’s largest wildfire. It has been surpassed twice in the past 
6 years. Of the 10 largest California wildfires since 1932, 7 have occurred 
since 2003. Increased frequency and severity of wildfires (Resources 
Agency, 2009) reduces the availability of vegetation that absorbs runoff, 
which results in further increased runoff, erosion, and sedimentation. 
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For reservoirs downstream from significant mountain snowpack, the 
resulting temporal shift in reservoir inflows could pose major challenges 
for managing flood storage capacity and water supply, particularly if 
reservoir operations are not modified to accommodate the new conditions 
(DWR, 2006; Medellin-Azuara et al., 2008; Fissekis, 2008).  Flood control 
space requirements are generally specified using reservoir rule curves as a 
function of accumulated snowpack forecasts, measured rainfall, and the 
seasonality of precipitation. Existing rule curves for major flood control 
reservoirs were mostly based on characterization of local watershed 
hydrology while a dam was under construction. For example, Lake 
Oroville, the only major flood control reservoir in the SPFC, requires a 
seasonal flood control storage range of 375 to 750 thousand acre-feet based 
on soil moisture conditions (see Figure 1-3) (USACE, 1970).  Changes in 
precipitation form (snow versus rain) associated with temporal shifts in 
runoff, and potential increases in flood frequencies and magnitudes, are 
likely to require reevaluation of existing operational rules developed based 
on previously accepted historical conditions. 

 

 
Source: USACE 1970 
Figure 1-3.  Lake Oroville Seasonal Flood Control Space Requirement 

Figure 1-4 shows 3-day peak flows of American River runoff in the past 
century (DWR, 2008).  Five events with 3-day peak flows greater than 
100,000 cubic feet per second (cfs) have been observed since 1950.  These 
high peak flow volumes have resulted in a recharacterization of the level of 
flood protection offered by Folsom Dam, which was designed in the 1940s 
(DWR, 2008). 
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Source: DWR 2008 (with top five annual maximum 3-day flows highlighted) 
Figure 1-4.  American River Runoff, Annual Maximum 3-Day Flow 

Sea Level Rise 
Increasing temperature also results in sea level rise due to the melting of 
land-based glaciers, snowfields, and ice sheets, along with thermal 
expansion of the ocean as the surface layer warms (DWR, 2008).  In the 
last century, sea level has risen about 20 centimeters (cm) (7 inches) along 
California’s coast (DWR, 2008).  Recent studies suggest that since 1990, 
the global sea level has been rising at a rate of approximately 3.5 
millimeters per year (mm/year) (0.14 inches per year (inches/yr)) 
(CALFED, 2007). Continuation or acceleration of this sea level rise, in 
combination with changes in precipitation and runoff patterns, would 
significantly augment flood problems in the Central Valley (Knox, 1993; 
Florsheim and Dettinger, 2007). 

Sea level rise is likely to produce more frequent and potentially more 
damaging floods, increasing risks for those already at risk, and increasing 
the size of the coastal floodplain, placing new areas at risk (CEC, 2009a). 
Increased risk of storm surge and flooding is expected to increase risks for 
California’s coastal residents and infrastructure, including wastewater 
treatment plants (DWR, 2008). 

In the Systemwide Planning Area, sea level rise impacts would be most 
significant for the Delta, where a rise in sea level would increase 
hydrostatic pressure on levees currently protecting low-lying land, much of 
which is already below sea level. These effects threaten to cause potentially 
catastrophic levee failures that could inundate communities, damage 
infrastructure, and interrupt water supplies throughout the State (Hanak and 
Lund, 2008). Roos (2005) found that a 1-foot rise in sea level could 
increase the frequency of the 100-year peak high tide to a 10-year event in 
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the western Delta at Antioch.  The resulting higher tides, in combination 
with increases in storm intensity and flood volumes, would likely aggravate 
existing flood problems in upstream areas along the Sacramento and San 
Joaquin rivers. 

Although it is generally accepted that sea levels will continue to rise on a 
global scale, the exact rate of rise remains unknown. Recent peer-reviewed 
studies estimate a rise of between 0.6 and 4.6 feet by 2100 along 
California’s coast (DWR, 2008). Another set of projections, shown in 
Figure 1-5 based on 12 future climate scenarios selected by the California 
Climate Action Team (CAT), indicates a 1.8- to 3.1-foot rise in sea level by 
2100. In addition to the CAT projections, even historical trends in sea level 
rise would indicate an approximately 1-foot increase in San Francisco Bay 
(CEC, 2009b). A California Energy Commission (CEC) report prepared by 
The Pacific Institute on sea level rise along the California coast estimated 
that a 5.6-foot sea level rise would put 480,000 more people at risk of a 1-
percent annual exceedence probability (AEP) flood event, given the 
existing population (CEC, 2009a). One additional set of projections, 
developed for the State of California by the Ocean Protection Council1 
(OPC), indicates a 3.3- to 4.6-foot rise in sea level by 2100 (OPC, 2010). 

  

                                                           
1 OPC used IPCC emissions scenarios and GCMS to develop these projections. 
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Source: CEC 2009b 
Figure 1-5.  Sea level Rise Projections Based on Air Temperatures from 12 Future 
Climate Scenarios 

Economic Activities 
California has 76,000 farms and 26.3 million acres in production, making 
agriculture an important component to the State’s economy. Much of 
California’s $36 billion agricultural industry is concentrated in the Central 
Valley (CDFA, 2009). More frequent and larger flood events are likely to 
damage structures, threaten livestock, contaminate croplands, cause 
increased erosion and sedimentation, take croplands out of production for 
extended periods as fields dry and recover, threaten levees that protect 
cropland and, in conjunction with sea level rise, increase farmland 
vulnerability in coastal areas and the Delta.  Notably, despite decades of 
construction of flood management structures and levees in the Central 
Valley and its tributaries, levees continue to fail under existing flood 
conditions (Florsheim and Dettinger, 2007; Florsheim and Dettinger, 
2005). 

Currently, there is a trend toward converting annual crops to perennial 
crops with higher economic value. Because it takes longer for perennial 
crops to recover from flood damage, potential increased flooding resulting 
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from climate change would likely have even greater economic impacts on 
the agricultural industry. 

The Central Valley is also under pressure to urbanize, yet future floods 
could be of a greater volume and intensity under climate change. Much is 
at stake because California has $4 trillion in real estate assets, of which 
$2.5 trillion are exposed to potential climate change effects (Kahrl and 
Roland-Holst, 2008). Increasing populations in high-risk areas means more 
flood damage can occur and additional flood protection is required. 
Increasing costs of providing greater flood protection hinder local 
economic development by constraining growth and limiting money 
available for other community needs. 

1.6.2 Related Effects on Other Aspects of Water 
Resources Management 

Climate change is also likely to impact water supply and ecosystem 
management in ways that affect flood management. 

Water Supply 
California’s current major water systems are designed and operated to store 
water and regulate floodflows in winter and early spring and supply water 
in late spring, summer, and fall. Water supplies are provided to serve 
statewide demands for municipal and industrial (M&I), agricultural, and 
environmental water.  More than 20 million (of about 37 million) 
Californians rely partially on two large water projects: the State Water 
Project (SWP) and federal Central Valley Project (CVP).  The effects of 
climate change on SWP and CVP operations are expected to include 
changes in reservoir inflows, delivery reliability, and annual average 
carryover storage (DWR, 2006).  In particular, higher snow elevation, early 
snowmelt, more precipitation as rainfall instead of snow, and reductions in 
overall snowpack are likely to contribute to reductions in water supply 
reliability.  Accommodating higher flood volumes may require more flood 
storage in the winter and early spring, making it more difficult to refill 
reservoirs during the traditional April-through-July snowmelt runoff 
period. 

In addition to overall changes in water volumes, water supplies will likely 
be affected by changes in water quality as a result of climate change. For 
example, higher temperatures are likely to increase the rates of chemical 
reactions in water generally, increasing biological oxygen demand through 
algal growth and decay. Broader areas of watersheds receiving rain rather 
than snow may see an increase in erosion and thus downstream turbidity 
and sediment transports. M&I water supply may also be compromised 
because water treatment processes are affected by water temperature, 
although this may not be a significant problem, as demonstrated by the 
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ability of many other communities around the world to adapt treatment 
processes to higher temperatures (Hanak and Lund, 2008). 

Sea level rise is likely to increase seawater intrusion into the Delta, which, 
by increasing salinity, will further degrade water quality for those who use 
Delta water (DWR, 2006). More freshwater releases from upstream 
reservoirs could be required to maintain compliance with existing Delta 
water quality standards, resulting in further stress to available water 
supplies in upstream reservoirs. 

In an average year, groundwater meets about 30 percent of California’s 
applied urban and agricultural water demands, and this can increase to 
more than 60 percent during drought years (DWR, 2003). This important 
component of the State’s water supply is likely to be affected by climate 
change because of reduced ability to replenish groundwater, increasing 
demand, and expanding areas of saltwater intrusion in coastal aquifers 
(CEC, 2008). 

Aquatic species are likely to be affected by an increase in water 
temperatures throughout the system, including inflows into reservoirs, 
water stored within reservoirs, and water flowing downstream.  The rising 
water temperature in river stretches serving as aquatic habitats would 
increase the demand for temperature management, using already limited 
cold-water reserve in major reservoirs, creating additional competing needs 
of limited stored water. 

Ecosystem Management 
While ecosystems have always naturally changed over time, ecosystem 
effects of climate change are likely to be exacerbated by the dramatic loss 
of natural areas experienced in the last 50 years (CEC, 2009c) and by the 
relatively rapid rate at which climate change and other stresses are 
advancing. The abundance, production, distribution, and quality of 
ecosystems throughout California are likely to be dramatically affected 
during this century by a combination of climate-change-associated 
disturbances (e.g., flooding, drought, wildfire, insects, ocean acidification) 
and other global change drivers (e.g., land use change, pollution, 
fragmentation of natural systems, overexploitation of resources) (IPCC, 
2007a).  Most vulnerable to climate change are endangered and threatened 
species, plants and animals living within confined geographic ranges with 
limited abilities to move rapidly, and species migrating to new areas where 
they meet increased competition for habitat or food (IPCC, 2007a). 

Climate change effects on ecosystem land management include both the 
geographic loss of habitat and the loss of habitat connectivity.  Sea level 
rise is expected to cause increased seawater intrusion into California's 
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coastal marshes and estuaries.  Increased intrusion will likely disrupt marsh 
and estuary ecosystems, especially at the higher projections of sea level 
rise. The loss of natural areas in turn reduces opportunities to use 
ecological systems and functions within flood management systems. 

Higher water temperatures resulting from climate change are likely to 
negatively impact aquatic and terrestrial resources.  Warmer temperatures 
can compromise the health and resilience of existing aquatic and terrestrial 
species and, thus, make it more challenging for them to compete with 
nonnative species for survival.  Of specific concern to Central Valley 
aquatic habitats, Chinook salmon and steelhead prefer temperatures of less 
than  64.4 to 68 degrees Fahrenheit (°F) (18 to 20 degrees Celsius (°C)) in 
mountain streams, although these anadromous fish may tolerate higher 
temperatures for short periods (Bennett, 2005).  Increased water 
temperatures could reduce the habitat suitability of California rivers for 
these species.  Impacts on terrestrial ecosystems have also been observed in 
North America, including changes in the timing and length of growing 
seasons, timing of species life cycles, primary production, and species 
distributions and diversity (CEC, 2009c). 

Competition for habitat and food will intensify with climate change. For 
example, climate change is expected to decrease suitable summer habitat of 
delta smelt, a federally listed endangered species, because waters in the 
lower Delta may be too saline and lack food, and freshwater in the upper 
Delta may be too warm.  Climate change could combine with nonclimate 
stressors, such as land use changes, wildfire, and agriculture and cause 
habitat fragmentation at increasing rates, thus contributing to species 
extinction (USFWS, 2009). 

1.7 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report and 
provides background on climate change and flood management. 

• Section 2 summarizes results and findings for the Climate Change 
Threshold Analysis Approach. 

• Section 3 describes methodology and results for the Threshold Analysis 
Approach Pilot Study. 

• Section 4 contains references for the sources cited in this report. 
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• Section 5 lists abbreviations and acronyms used in this report. 

• Appendix A contains supplemental pilot study figures. 
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2.0 Methodology 
The CVFPP has a unique approach to climate change, developed through 
extensive engagement with the public and the scientific research 
community. As part of development of the CVFPP, two topic work groups 
addressing climate change developed, recommended, and described a 
unique approach for analyzing climate change in the context of flood 
management. 

A Climate Change Scope Definition Work Group (CCSDWG) was formed 
in the first phase of the CVFPP planning process to provide 
recommendations to DWR on the scope of climate change considerations 
to be addressed in the 2012 CVFPP and subsequent updates. (Topic-
specific work groups are used in CVFPP development to develop 
recommended contents for inclusion considerations (DWR, 2009a)). 
Outcomes from the CCSDWG are summarized in a CCSDWG summary 
report (DWR, 2009b) that presents the following: 

• Key aspects of climate change that may affect flood management 

• Existing problems and expected future challenges within the CVFPP 
project area related to climate change 

• Checklist of climate change considerations for the CVFPP 

• Summary of related climate change projects and programs 

• Climate change references for the CVFPP 

Input from the CCSDWG for the first two items above is incorporated into 
Section 1.5 of this report. Work group input for the third item was 
instrumental in guiding subsequent development of the CVFPP climate 
change approach.  Input on projects and programs is incorporated into 
overall coordination efforts, and references are contained in a master 
compilation for the CVFPP reference library. 

The CCSDWG proposed a unique approach for incorporating 
considerations of climate change into the CVFPP planning process. A 
subsequent Climate Change Threshold Analysis Work Group (CCTAWG) 
further identified the need for a unique approach and developed the 
framework for the Climate Change Threshold Analysis Approach. 
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Climate change 
impacts to extreme 
events, such as 
flooding and droughts, 
will result not from 
changes in averages, 
but from changes in 
local extremes. 

2.1 Considerations in Methodology Design 

This section describes the need for a unique climate change analysis 
approach and outlines the overall methodology for the CVFPP climate 
change analysis. 

2.1.1 Need for a Unique Approach 

For any planning project or program, the methodology, tools, and data 
should align with the purpose(s) of the study, intended decision making, 
and information available to inform the decision. 

Climate change impacts and considerations have been incorporated into 
many recent and ongoing California resources planning studies, using 

various methods. Much of the current analysis of climate and water 
impacts considers how changes in various mean conditions (e.g., 
mean temperatures, average precipitation patterns, mean sea level) 
will affect water resources, water supply in particular. Although 
many water resource factors are affected by such average conditions, 
some of the most important impacts, including flooding, will result 
not from changes in averages, but from changes in local extremes 
(DWR, 2006).  Because of the focuses of other ongoing studies, the 
resulting methodology, resolution, data, and results of these studies 
are not directly relevant to flooding risk assessment and flood 

management. 

CVFPP will be the first major policy-level study with broad applications 
that addresses climate change for flood management in California.  Flood 
management requires consideration of extreme precipitation and runoff 
events. An extreme weather event is defined by the Intergovernmental 
Panel on Climate Change (IPCC) as an “event that is rare at a particular 
place and time of year,” where rare is defined as having a magnitude below 
10 percent or above 90 percent of observations (Ray et al., 2008).These 
extremes are difficult to project for the future because climate projections 
from global climate models (GCM) have difficulty representing regional- 
and local-scale precipitation patterns and processes that drive extreme 
events. GCM climate projections also generally provide data at time-steps 
that are not useful for analysis of flooding.   In addition, the substantial 
influence of both human settlement patterns and water-management 
choices impact overall flood risk (DWR, 2005). 

Therefore, the approach needed for CVFPP development can be discussed 
in at least three aspects: (1) perspectives of climate change vulnerability 
assessment, (2) analytical focus for flood management, and (3) the 
decision-making process, with uncertainties.  These three aspects are 
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interrelated in designing the appropriate approach for CVFPP climate 
change considerations. 

Perspectives for Climate Change Vulnerability Analysis 
The purpose of climate change vulnerability analysis is to inform climate 
adaptation policy development.  Vulnerability analysis includes “top-
down” and “bottom-up” approaches.  Figure 2-1 shows the concept of these 
two approaches. 

 
Source: Dessai and Hulme, 2003 
Figure 2-1.  “Top-Down” and “Bottom-Up” Approaches Used to 
Inform Climate Adaptation Policy 

Most of the existing climate change impacts analysis uses a projection-
oriented “top-down” approach that considers a range of scenarios of world 
development. These scenarios include greenhouse gas emissions that serve 
as input to GCMs. GCM output serves as input to impact models (with or 
without inclusion of adaptive actions). Under this approach, analysis of the 
probability of certain impacts could largely depend on the ability of the 
GCMs to characterize that probability, which may be more subjective than 
the level of rigor required to support a risk-based analysis (Dessai and 
Hulme, 2003).  In flood management, risk-based analysis is often based on 
probabilities derived from event frequency documented in historical 
records. However, the extreme events and their corresponding climate 
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signals are the most uncertain elements of the climate change research.  As 
a result, additional consideration is necessary of an appropriate approach 
for a climate change vulnerability analysis in the context of flood 
management. 

Another approach, the “bottom-up” approach, has seen greater 
development and application in recent years.  The bottom-up approach 
reflects a focus on the underlying adaptive capacity of the system under 
study, emphasizing broader social impacts.  It is place-based and deals with 
specific resources of interest.  Flood managers could start with existing 
knowledge of the system and use evaluation tools to identify changes in 
climate that may be most threatening to long-term management goals and 
practices – critical system vulnerabilities.  GCM outputs are then used as a 
reference to assess the likelihood of such system-critical vulnerabilities 
(Ray et al, 2008; Dessai and Hulme, 2003).  This approach may ease 
concerns for policy makers who are hesitant to move forward with policy 
decisions while climate uncertainties remain. 

Analytical Focus for Flood Management 
Many climate change analyses, including ongoing studies by DWR for 
various California water planning and management purposes, are based on 
the most readily available climate change signals in GCMs, such as 
changes in temperature and precipitation.  Analytical time steps are often 
monthly for water supply and other resources management purposes.  As 
previously mentioned, these climate change signals may be sufficient to 
assess longer term average conditions, especially in the case of 
temperature, but provide little information for extreme events.  
Furthermore, challenges with projecting precipitation are only amplified 
when focusing on shorter time-scale events. 

For flood management, hydrographs (e.g., volume, peak) and 
corresponding antecedent conditions are key factors for flood damage 
assessment.  Perturbation of these properties from historical storm patterns 
may be helpful for early investigation, but may not relate well to climate 
change conditions and, thus, leave decision makers unable to assess the 
level of urgency for specific adaptive actions.  Therefore, it is critical to 
establish proper types of climate change signals (in terms of time scale and 
physical representation) that could be more appropriate for linking to storm 
hydrologic properties, allowing more meaningful vulnerability analysis. 

Decision-Making Considerations 
The CVFPP focuses specifically on improving flood protection for areas 
protected by SPFC facilities. The CVFPP is a systemwide assessment of 
the Sacramento-San Joaquin Flood management system that includes 
elements of SPFC facilities and local projects (that may or may not have 
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federal partnership). The State Systemwide Investment Approach included 
in the CVFPP represents policy and investment priority and objectives for 
improving flood management in the Central Valley. The investment 
approach reflects the State’s policy directives for providing appropriate 
flood protection (and, thus, sustainable maintenance) for urban areas, small 
communities, and rural areas in an economic, environmentally and socially 
sustainable manner. Implementation of the State System Investment 
Approach defines the roles and responsibilities of State, federal, and local 
entities, a timeline for implementation, and a financial strategy for 
sustaining long-term flood management improvements and maintenance. 

Several studies have reviewed various decision support planning methods 
for water resources management (Brekke et al., 2009; Western Utility 
Climate Alliance, 2010).  These studies identify potential limitations on 
applying traditional decision support analysis, with recognition that the 
cited limitations have a greater influence if extreme events are the metric of 
interest.  One example is traditional risk-based decision support analysis, 
which manages uncertainties through analysis of well-characterized 
probabilities, and recommends optimal strategies.  This type of analysis 
uses tools such as decision trees or influence diagrams.  Application of 
risk-based decision support analysis to flood management would inherit 
challenges because of the uncertainties of climate change with respect to 
extreme events, as previously mentioned. 

Another traditional decision planning method is scenario planning, which 
focuses on a set of critical uncertainties to form various scenarios that 
managers agree are plausible and reasonable to describe the decision space.  
While scenario planning can be beneficial in identifying a range of 
potential strategies, obtaining consensus on which climate change 
projections to use for extreme events is challenging. 

A third traditional decision support planning method is adaptive 
management, which “promotes flexible decision making that can be 
adjusted in the face of uncertainties as outcomes from management actions 
and other events become better understood” (NRC, 2004).  However, 
adaptive management is more suited to guiding operational or institutional 
changes rather than construction of new water facilities.  Structural 
solutions may be hard to reverse unless they are designed to anticipate 
alternative future conditions with planned upgrades (Brekke, et al., 2009). 

Identified by the CCSDWG as a useful decision support planning method, 
robust decision making combines portions of traditional decision analysis 
and scenario planning (Western Utility Climate Alliance, 2010). Robust 
decision-making identifies options that perform well over a wide range of 
possible future scenarios, rather than optimizing for a single scenario. The 
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Climate Change 
Threshold Analysis 
Approach is an 
analytical framework to 
identify vulnerability 
thresholds that may be 
exceeded in the next 50 
years, given the expected, 
although uncertain, effects 
of climate change, 
warranting changes in 
investment strategy and 
priority for improving 
regional and/or systemwide 
flood management in the 
Central Valley. 

goal of this method is to reduce the potential to be “surprised” by 
unexpected events (Brekke et al., 2009).  Robust decision making uses a 
large ensemble of scenarios for simulations to avoid the need to prioritize 
uncertainties and agreements about future conditions. 

Brekke et al. (2009) emphasize the need for planning frameworks to be 
flexible enough to incorporate uncertainties related to climate change in 
managing risks. Planning approaches that incorporate climate change 
probabilities, robust decision making, and adaptive management are all 
adaptation strategy options that allow decisions to be more flexible. These 
approaches also consider future advances in scientific understanding as 
they become available. 

The purpose of this discussion is not to identify the optimal decision 
support planning method for making flood management decisions for the 
CVFPP under climate change. Rather, it is to identify potential problems 
and opportunities associated with various decision support planning 
method options.  While the robust decision making method recommended 
by the CCSDWG could be an appropriate decision tool, as currently 
performed it could be very time consuming for the CVFPP, which 
addresses a large, complex system and has broad management objectives. 

2.2 Methodology Design 

The climate change approach needs for flood management described 
previously were considered in development of the Climate Change 

Threshold Analysis Approach for the CVFPP.  This 
climate change approach is based on the bottom-up 
approach for vulnerability assessment; however, it has 
been expanded to include causal relationships among 
metrics for communities, hydrology, and atmospheric 
factors to provide a framework allowing a qualitative 
comparison of the likelihood of exceedence of critical 
thresholds of vulnerability. The concept of robust 
decision criteria could be included in the Climate 
Change Threshold Analysis Approach, as it is applied 
across various sets of management actions. However, 
the CVFPP Threshold Analysis Approach does not 
follow the common execution of the robust decision-
making method, which uses a large number of 
simulations. 
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The CCTAWG was instrumental in developing the Climate Change 
Threshold Analysis Approach. The following section provides preliminary 
details of this approach; the approach will be further developed and refined 
for the 2017 CVFPP. 

2.2.1 Definition of Threshold Analysis Approach 

Climate is the prevailing condition of temperature, winds, precipitation, 
and runoff in a location over the long term (classically defined as 30 years 
by the World Meteorological Association (2003)). Changing climate may 
significantly alter the magnitude, timing, and frequency of extreme 
precipitation events and resulting runoff in the Central Valley. It could also 
alter the distribution and type of winter precipitation and the timing of 
annual snowmelt processes that generate runoff. Taken together, these 
changes could significantly alter the profile of floods in the Central Valley. 

A conceptual diagram of the Climate Change Threshold Analysis Approach 
is shown in Figure 2-2. 
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Figure 2-2.  Conceptual Diagram of Climate Change Threshold Analysis Approach 
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The arrow along the top of the diagram shows the general work flow. The 
Threshold Analysis begins with an assessment of vulnerability thresholds at 
critical system components, and the resulting consequences of crossing 
those thresholds.  Subsequently, an assessment of the conditions that would 
cause the thresholds to be exceeded would be conducted, followed by an 
assessment of the likelihood of exceedence. 

The second row of the diagram shows the individual pieces of the analysis 
and the work flow for a more top-down impacts analysis. Below the second 
row are illustrations of three possible scales at which the Threshold 
Analysis may be applied. The clouds surrounding connecting arrows 
indicate increasing levels of uncertainty. Finally, the long arrow on the 
right shows that all of this information is aggregated into a decision 
framework, identifying needed investment in the flood system or in 
additional research. 

As mentioned, major steps of the Threshold Analysis are assessing 
vulnerability, identifying causal conditions, and assessing likelihood of 
threshold exceedence. 

Assess Vulnerability 
Vulnerability can be assessed from various different levels and with 
different focus.  Critical components of the flood management system have 
associated thresholds of vulnerability, the crossing of which can cause 
undesirable consequences. The first step is to identify components and 
thresholds that exist on several spatial scales. Examples include a reservoir 
losing capacity to regulate flows downstream, a reservoir (or a system of 
reservoirs) exceeding its objective release, or an infrastructure (e.g., dam, 
levee) failure. 

Once thresholds for critical system components are identified, the 
consequences of exceeding the thresholds on a community level can be 
quantified. For example, a reservoir losing its capacity to regulate 
downstream flows would have large-scale, systemwide consequences. The 
effects of crossing a systemwide threshold would likely cascade through 
the system, causing other thresholds to be crossed. Other critical thresholds 
would have more moderate, regional consequences, such as a reservoir 
exceeding its objective release. At the smallest, most local scale, a levee 
failure may have severe impacts to a specific protection area, but less 
impact on other parts of the flood management system and operations. 

Defining critical thresholds that will need analysis requires a level of 
agreement among the various State, federal, and local entities with flood 
risk management responsibilities. It is conceivable that components with 
potential broader damages to communities (including natural communities) 
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would be easier for broad agreement for CVFPP systemwide application.  
However, for local flood management studies with a more finite project 
scope, the local critical thresholds could be used without exhausting 
available resources. 

Identify Causal Conditions 
The next step is to define the hydrologic conditions required for a given 
threshold to be exceeded. These conditions can be described by a set of 
hydrologic metrics. Critical thresholds for large-scale, systemwide 
components will be affected by relatively fewer sets of hydrologic 
matrices. In contrast, critical thresholds for local components will be 
influenced by significantly more sets of hydrologic metrics at various 
locations throughout the flood management system. 

Hydrologic conditions leading to threshold exceedence are linked to 
atmospheric patterns that can be affected by climate change. These patterns 
can be described by a set of atmospheric metrics that can be sampled from 
a future projection of climate and translated into hydrologic metrics for 
planning purposes. Subject to additional investigation, it is anticipated that 
for systemwide components, relatively fewer sets of atmospheric metrics 
will correspond to the hydrologic metrics, which in turn, correspond to 
critical thresholds, and more sets for critical thresholds for local 
components. 

Assess Likelihood of Exceedence 
The final step in the approach is to assess the likelihood of threshold 
exceedence.  It is anticipated that this would be an assessment against 
baseline conditions or other base of comparison, and would be conducted 
qualitatively based on available GCMs.  It remains to be determined 
whether current climate change science can provide adequate information 
to inform the process. If so, an analysis of the likelihood of crossing critical 
thresholds can be performed, and the results will inform planning analysis 
for further investment in the flood management system. If not, 
identification of vulnerabilities will help identify areas of needed climate 
science investment to obtain adequate information. 

2.2.2 Vulnerability Assessment 

The vulnerability assessment includes a description of the critical 
component and its associated threshold, and a description of the 
consequences of exceeding the threshold. 

Critical Components and Thresholds 
The Climate Change Threshold Analysis will be applied to the SPFC, 
which includes flood management facilities, lands, programs, conditions, 
and modes of O&M. More details on the specific definition of each of these 
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terms are included in the State Plan of Flood Control Descriptive 
Document (DWR, 2010).  Major facilities for each of the two basins are 
listed below. 

Major SPFC facilities along the Sacramento River and tributaries are 
shown in Figure 2-3 and include the following: 

• About 440 miles of river, canal, and stream channels (including an 
enlarged channel of the Sacramento River from Cache Slough to 
Collinsville) 

• About 1,000 miles of levees (along the Sacramento River channel, 
Sutter and Yolo basins, and Feather, Yuba, Bear, and American rivers) 

• One major flood management reservoir (Lake Oroville) 

• Four relief bypasses (Sutter, Tisdale, Sacramento, and Yolo bypasses) 

• Knights Landing Ridge Cut, connecting the Colusa Basin to the Yolo 
Bypass 

• Five major weirs (Sacramento Weir, built in 1916; Fremont Weir, built 
in 1924; and Moulton, Tisdale, and Colusa weirs, built in 1932 and 
1933) 

• Two sets of outfall gates 

• Five major drainage pumping plants 

• Cache Creek Settling Basin, maintaining the flood conveyance integrity 
of the Yolo Bypass 

• Numerous appurtenant structures such as minor weirs and control 
structures, bridges, and gaging stations. 
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Figure 2-3.  Design Flood Flow Capacities For Sacramento River, Bypasses, and Major 
Tributaries and Distributaries in Sacramento River Basin 
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Major SPFC facilities along the San Joaquin River and tributaries are 
shown in Figure 2-4 and include the following: 

• Chowchilla Canal Bypass (and levees), which begins at the San Joaquin 
River downstream from Gravelly Ford, diverts San Joaquin River 
flows, and discharges the flows into the Eastside Bypass 

• Eastside Bypass (and levees), which begins at the Fresno River, collects 
drainage from the east, and discharges to the San Joaquin River 
between Fremont Ford and Bear Creek 

• Mariposa Bypass, which begins at the Eastside Bypass and discharges 
to the San Joaquin River (and levees) 

• Approximately 99 miles of levees along the San Joaquin River 

• Approximately 135 miles of levees along San Joaquin River tributaries 
and distributaries 

• Six instream control structures (Chowchilla Bypass Control Structure, 
San Joaquin River Control Structure, Mariposa Bypass Control 
Structure, Eastside Bypass Control Structure, Sand Slough Control 
Structure, and San Joaquin River Structure) 

• Two major pumping plants 
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Figure 2-4.  Design Flood Flow Capacities For San Joaquin River, Bypasses, and Major 
Tributaries and Distributaries of the San Joaquin River Basin 
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Many of the multipurpose storage facilities that contribute to flood 
management in the Sacramento and San Joaquin river basins are also 
operated for other purposes, such as water supply and power generation, 
but are not part of the SPFC because they include no State assurances to the 
federal government. Major multipurpose storage facilities are shown in 
Figure 2-5. Note that Oroville Dam is the only major multipurpose project 
listed that is part of the SPFC. 
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Figure 2-5.  Locations of Multipurpose (Including Flood Management) Dams and 
Reservoirs in Sacramento and San Joaquin River Basins 
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While the functions of SPFC will be impacted by climate change, some 
critical functions have the potential to greatly impact other components of 
the system, if lost. These functions generally fit into a hierarchy of 
consequences, with systemwide, regional, or local implications. An 
example of each is below. 

• Systemwide example: uncontrolled release from a major flood 
management reservoir – Reservoir operation is a key for flood 
management to regulate outflows for downstream safety. If a major 
flood control reservoir were to lose its regulatory capacity, the potential 
effects on downstream flood protection could be significant and 
widespread. 

• Regional example: objective release exceedence – Objective releases 
from a reservoir or a jointly operated reservoir complex reflect the 
original plan of these facilities and associated downstream levees or 
floodwalls to provide desirable flood management function. If the 
threshold were to be exceeded, the flood risk downstream would 
increase significantly. 

• Local example: levee failure – Levee integrity is an important 
threshold for local economic activities and communities protected by 
levees, and the consequences of exceeding this threshold are better 
understood than the previous two categories.  However, the exact 
threshold for levee failure is not well defined.  DWR currently conducts 
geotechnical exploration to identify potential levee failure modes, and 
associated risks. 

Community Metrics and Threshold 
Community metrics measure the chance of flooding and/or consequences 
of flooding in an area and can be used as indices for vulnerability. These 
metrics result from flood management system operations and climate 
change scenarios; they are not influenced by operations alone.  In other 
words, many combinations of upstream operations could result in a 
common outcome at the local level.  These multiple-to-one relationships 
between the operation and reliability of the flood management system, and 
the thresholds of community metrics, require a significant level of effort to 
define.  Developing community metrics requires customization for each 
community because each could have unique vulnerability or vulnerabilities.  
The following metrics are potential examples based on CCTAWG 
discussions regarding their potential applicability. However, no specific 
metric recommendations were formed because of the above recognition of 
the benefits of assigning thresholds to system component levels. 
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Two example sets of metrics for measuring community thresholds have 
been identified: metrics for chance of flooding and metrics for 
consequences of flooding.  Examples of metrics for the potential chance of 
flooding include the following: 

• Level of Protection – The level of protection is a legislatively 
mandated metric for measuring flood risk. It identifies the frequency of 
flooding from which an area is protected. For example, an area with a 
200-year level of protection can withstand flooding that has a 1-in-200 
chance of occurring in any given year. However, level of protection 
may be a problematic metric for vulnerability in the future because 
changing climate may alter the magnitude of a flood that occurs at a 
given frequency. 

• Upstream Flood Management Capacity – This metric measures the 
total flood space in reservoirs, channels, bypasses, and detention basins 
upstream from a point in the system.  This type of metric is problematic 
because of the challenge in defining upstream capacity in a consistent 
way. 

Potential impact metrics include both upfront costs for adapting to climate 
change and the impacts themselves. Examples of potential impact metrics 
include, but are not limited to, the following: 

• Infrastructure Costs – Altered hydrologic regimes because of climate 
change create the need for proactive investment in infrastructure, often 
at significant cost, to reduce the consequences of flooding. In addition 
to costs for resizing or reoperating flood management infrastructure, 
this metric would also include costs for relocating buildings, utilities, 
transportation corridors, water and wastewater treatment plants, and 
other public infrastructure. 

• Operations and Maintenance Costs – O&M costs for the existing 
flood system represent a substantial fraction of current flood 
management costs. Climate change may alter these costs by changing 
the frequency, magnitude, or timing of floodflows. Climate change also 
may reduce the length of the construction and maintenance season, 
thereby limiting opportunities to gradually adapt to changes in the 
system. 

• Lives/Casualties – Protecting public safety is a key component of the 
primary CVFPP goal to improve flood risk management. The number 
of casualties in a given year is an important metric for measuring flood 
impacts. 
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• Economic Damages – Flooding results in significant damages to State 
and local economies. Losses include lost jobs and income as well as 
damages to infrastructure, homes, and businesses. 

• Resilience/capacity to Recover – Resilience describes the ability of a 
system to return to its pre-impact state. After a flood event, 
communities have different capacities to recover and resume economic 
growth. The time required for a community to recover from a flood 
event may be used as a metric. 

• Ecosystems/Natural Resources – Potential metrics to measure loss of 
ecosystems and natural resources include acreage lost (e.g., critical 
habitat, wetlands, riparian woodlands), or the value of ecosystem 
services lost. 

• Permanent Loss/Concessions – Flooding may result in irreparable 
cultural losses, as happened in portions of New Orleans after Hurricane 
Katrina. In addition, areas that are frequently inundated may need to be 
conceded as not able to be protected by the flood management system. 

2.2.3 Identification of Causal Conditions 

Subject to various potential flood management system configurations and 
operations, different hydrologic conditions and their corresponding 
atmospheric conditions could cause the critical threshold to be exceeded.  
In other words, the relationship between hydrologic metrics and system 
critical threshold are often multiple-to-one, and it is likely that the same 
kind of multiple-to-one relationship exists between hydrologic metrics and 
atmospheric metrics. 

Hydrologic Metrics 
Hydrologic metrics describe attributes of a flood moving through the flood 
management system.  Typical characteristics of a flood hydrograph can be 
described by the following hydrologic metrics: 

• Peak Flow – A 3-day peak flow is a widely used metric for measuring 
flood magnitude in reservoir operations. Instantaneous peak flow is 
another important metric, useful for assessing levee overtopping and 
unregulated flows. 

• Volume of Flow – The volume of a flow has significant impacts on a 
flood management system, especially in increasing pressure on flood 
management reservoirs. Volume metrics should include flow volumes 
over 1, 3, 7, 15, and 30 days. 
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• Duration of Flow – Flow duration determines the amount of time a 
flood management system is engaged during a flood event. Longer 
duration high flows will create additional strain on a system. Duration 
of inundation is also an important metric for the health of natural 
floodplains. 

• Timing of Flow (seasonality) – Flood risk in California occurs at 
specific times of year; therefore a metric measuring the timing of flows 
is necessary. Several methods are currently used to measure the 
seasonality of flow, including spring pulse onset, center of mass, date 
of maximum flow, and monthly seasonal fractional flows, among 
others. Seasonality is also an important factor in ecosystem health. 

• Time to Peak – The time to peak furnishes important information on 
the rate at which a flood moves through the system. 

Depending on system configuration and the particular component and its 
threshold of interest, one or more hydrologic metrics could be more 
relevant and better suited for the Climate Change Threshold Analysis 
Approach. 

Atmospheric Metrics 
Atmospheric metrics describe weather and climate patterns that influence 
hydrologic conditions. Atmospheric metrics need to be designed so that 
they can be sampled from GCMs or associated downscaled products and 
translated into a specific set of hydrologic metrics. 

For flood events, examples of potential atmospheric metrics include the 
following: 

• Atmospheric River Index – Atmospheric river (AR) events have been 
associated with the majority of major flood events in California 
(Dettinger et al., 2009). An AR Index to characterize the amplitude and 
frequency of AR events would be a useful metric for characterizing the 
potential for these high-impact events to affect flooding in the Central 
Valley. The index could potentially be related to the depth, width, and 
persistence of the atmospheric moisture plume. 

• Freezing Elevation – Freezing elevation impacts the area contributing 
rainfall runoff to a river. A higher freezing elevation results in a larger 
catchment area contributing direct runoff. However, the magnitude of 
the effect of increased freezing elevation varies from watershed to 
watershed, based on local topography (Dettinger et al., 2009). 
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• Rain-on-Snow Events – A rain-on-snow event is defined as an event 
with both precipitation and snowmelt (i.e., decrease in snow depth) 
occurring (McCabe et al., 2007). The number of days per year with 
rain-on-snow conditions may be used as a metric. These conditions 
could relate to some most devastating California flood events in the 
past, and appear to correlate to climate signals such as the El 
Niño/Southern Oscillation (ENSO). 

2.2.4 Assessment of Likelihood of Crossing Critical 
Thresholds Under Climate Change 

The Climate Change Threshold Analysis Approach differs from a 
traditional climate change impact analysis, in which temperature and 
precipitation information sampled directly from downscaled GCM results 
are input into hydrologic, hydraulic, and operations models.  In the Climate 
Change Threshold Analysis Approach, metrics representing general 
circulation features associated with extreme precipitation processes are 
sampled and related to identified atmospheric metrics that are important to 
flood-producing precipitation. The atmospheric metrics are subsequently 
related to the hydrologic metrics. Based on these relationships, potential 
impact of climate change on a flood management project or strategy can be 
qualitatively assessed. As the science underlying the estimation of climate 
change processes affecting flood events advances in the future, a 
quantitative assessment could be possible. It should be noted that many of 
the relationships between atmospheric hydrologic and flood management 
strategy metrics are not currently well defined and will require significant 
further development. Relationships between atmospheric and hydrologic 
metrics will likely to be on a many-to-one basis, which may require 
selecting appropriate models to better determine the metrics connections 
via sensitivity analyses. 

The results of the overall analysis will be influenced by the technical 
methodologies used to assess the likelihood of crossing critical thresholds. 
These technical decisions will include the methodology used to sample 
GCMs, downscaling methodology, consideration of sea level rise, and 
choice of modeling tools. A brief discussion of each follows. 

Extreme Event Sampling Methodology 
This overall approach is proposed because extreme precipitation processes 
rely at least in part on processes that occur at too fine a spatial or temporal 
scale to be properly represented in the GCMs. Extreme events are, by 
definition, temporally rare. Thus, even a highly detailed simulation or 
downscaled version of high-temporal resolution twenty-first century 
climate change will not generally be sufficient to evaluate changes in 
extreme event frequencies. A potential solution to this problem could be to 
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obtain multiple realizations of each combination of emissions scenario and 
GCM. This would result in realizations of multiple extreme events in the 
period of interest. 

Because of the difficulties in sampling extreme precipitation events from 
GCMs, it may be necessary to carry out a sensitivity analysis on the 
method used to sample extreme precipitation metrics from a future climate 
distribution to determine a method that provides useful information but is 
not affected by the sampling strategy.  Examples of two sampling strategies 
used in other DWR planning efforts include the scenario subset 
methodology employed for the CAT analyses and the ensemble informed 
approach used in the Bay-Delta Conservation Plan. 

In the scenario subset approach, a selection of GCMs is sampled from the 
population of GCM runs.  The selection criteria can include variables 
available to sample from the GCM run or runs with a metric matching a 
specified criterion.  In the ensemble-informed approach, a small tractable 
set of realizations of future projection information is generated by 
segmenting the future projection distribution and creating ensemble 
projection information associated with each segment.  While it is possible 
to sample the entire set of GCM runs, this is feasible only if the desired 
information to inform the atmospheric metrics of interest were available in 
all GCMs.2 

Downscaling Methodology 
Resolution of current climate models is too coarse to capture key features 
of California climate such as the orographic effects of the Sierra Nevada 
and microclimate over the San Francisco Bay Area.  To make use of 
information from the climate projection simulations and generate 
atmospheric metrics that are useful at the Central Valley and sub-Central 
Valley resolutions, it is necessary to downscale GCM results to spatial and 
temporal scales useful for the planning process.  In general, there are two 
basic approaches to downscaling: statistical and dynamical. 

• Statistical downscaling – Statistical downscaling uses statistical 
relationships between coarse resolution and detailed resolution of 
climate variables.  Statistical methods therefore are often much faster at 
generating downscaled data than dynamical methods.  However, 
statistical downscaling methods assume stationarity, relying on 
relationships that are developed based on historical data.  It is not 
certain if these relationships are always preserved with a changing 
climate. It should be noted that for the CAT reporting process of 2006 

                                                           
2 See Khan and Schwarz (2010) for a more detailed description of these methods. 
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and 2009, as well as the BDCP process described above, statistical 
downscaling methods were used, as described by Wood et al. (2004). 

Several statistical downscaling methods are available, each with 
different emphasis.  One statistical downscaling method is the 
Constructed Analogues (CA) approach. The method constructs an 
analogue for a given coarse-scale daily weather pattern by combining 
the weather patterns for several days from a library of previously 
observed patterns (Hidalgo et al., 2008). Another technique is Bias 
Correction and Spatial Disaggregation (BCSD). BCSD adjusts GCM 
output so that it statistically matches observed data during common 
historical overlap periods (Wood et al., 2002). CA downscales daily 
large-scale data directly while BCSD downscales monthly data, with a 
random resampling technique to generate daily values (Maurer and 
Hidalgo, 2008). A third statistical downscaling approach, Bias 
Corrected Constructed Analogues (BCCA), combines the initial large-
scale bias correction step of BCSD before applying the CA method 
(Maurer et al., 2010). Comparisons of various downscaling methods 
can be found in Murphy (1999), Hay and Clark (2003), Hanssen-Bauer 
et al. (2003), Wood et al., (2004), Maurer and Hidalgo (2008), and 
Maurer et al. (2010). 

• Dynamical downscaling – Dynamical downscaling makes use of 
numerical models of the atmosphere and land system at a higher 
resolution and uses global climate simulations as initial and boundary 
conditions.  Because they operate at more detailed spatial resolution, 
the areal extent of the model simulations must be smaller to maintain a 
reasonable computation time for the climate projection simulations.  In 
addition to these simulations, some post-processing of results is often 
necessary to remove systematic bias from the regional climate model 
outputs. Dynamical models are able to put aside many of the 
assumptions of stationarity that are implicit in the statistical methods. 
However, dynamical models are currently constrained by a high 
computational burden, which limits their use to shorter downscaled 
periods. These short segments of dynamically downscaled climates and 
responses would have limited use for determining changes in 
frequencies and magnitudes of extreme events. 

Downscaling will be an important element for providing inputs to 
atmospheric metrics.  Further evaluation will be required to determine 
whether existing downscaled data sets offer sufficient information to 
provide atmospheric metric information, or if more research effort in 
this area is needed.  However, based on the characteristics of these two 
general types of downscaling methodology, dynamically downscaling 
could be more suitable for the Threshold Analysis Approach in the long 
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term because the pace of computer technology may alleviate the 
computational burden. 

Sea level Rise Considerations 
Sea level rise could affect flood management because of changes in 
downstream hydraulic conditions for riverine flooding conditions within  
tidal influence areas (e.g., the lower Sacrament River and lower San 
Joaquin River), increased range or magnitude of water-level fluctuation in 
estuary flooding conditions (e.g., Delta), or a combination of the above. 

Although it is generally accepted that sea levels will continue to rise on a 
global scale, the exact rate of rise remains unknown. Projections have been 
developed by the OPC, and a study by the National Research Council 
(NRC) is in progress. 

• OPC Sea level Rise Guidelines – Led by OPC, the Sea level Rise Task 
Force of the Coastal and Ocean Working Group of the California 
Climate Action Team (CO-CAT) developed sea level rise 
recommendations for California (OPC, 2010). The State has adopted 
the OPC recommendations as interim guidelines until the NRC study, 
described below, is completed. The guidelines, which use 2000 as a 
baseline, are outlined in Table 2-1. 

Table 2-1.  Ocean Protection Council Sea level Rise Guidelines 

Year 
 

Average of 
Models 

Range of Models 

2030  7 inches (18 cm) 5‐8 inches (13‐21 cm) 

2050 
 

14 inches (36 cm) 10‐17 inches (26‐43 cm) 

2070 

Low 23 inches (59 cm) 17‐27 inches (43‐70 cm) 

Medium 24 inches (62 cm) 18‐29 inches (46‐74 cm) 

High 27 inches (69 cm) 20‐32 inches (51‐81 cm) 

2100 

Low 40 inches (101 cm) 31‐50 inches (78‐128 cm) 

Medium 47 inches (121 cm) 37‐60 inches (95‐152 cm) 

High 55 inches (140 cm) 43‐69 inches (110‐176 cm) 

Source: OPC, 2010 
Key: 
cm = centimeter 

• National Research Council Sea level Rise Review – The State of 
California, along with several federal agencies and the states of Oregon 
and Washington, has commissioned the NRC to conduct a scientific 
review of sea level rise for the West Coast. The NRC study will 
estimate values or ranges of values for sea level rise for planning 
purposes for 2030, 2050, and 2100. The CO-CAT Sea level Rise Task 
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Force, a working group comprising senior-level staff from California 
State agencies with ocean and coastal resource management 
responsibilities, will provide feedback to the NRC so that the guidelines 
NRC develops will reflect the range of planning needs in California. 
The sea level rise estimates are anticipated to be completed in 2012, 
and will be included in climate change analysis for the 2017 CVFPP 
and other water management planning studies. 

Hydrologic and Operations Modeling Tools 
A number of hydrologic and system operations modeling tools are 
available and under development by different agencies, entities, and 
institutes for planning, forecasting, and real-time flood management 
operation purposes.  The merits of each model are not the subject of 
detailed discussions here; the emphasis is on their corresponding capacities 
to support intended decision making. 

DWR has an existing methodology and a set of tools for assessing 
hydrologic conditions in a forecasting and project planning capacity.  
Current model capabilities include the National Weather Service River 
Forecasting System (NWS-RFS), the U.S. Army Corps of Engineers 
(USACE) Hydrologic Engineering Center – Hydraulic Modeling System 
(HEC-HMS) and Corps Water Management System (CWMS), the U.S. 
Geological Survey (USGS) watershed model Precipitation-Runoff 
Modeling System (PRMS), and the Variable Infiltration Capacity (VIC) 
model. Before any one tool is selected for use in a Climate Change 
Threshold Analysis, it will be beneficial to compare the advantages and 
disadvantages of each model, and conduct a parameter sensitivity analysis 
for the hydrologic model based on inputs from GCMs. DWR is currently 
making significant investments to improve modeling tools by enhancing 
technical modeling integrity and data resolution and availability, to 
accommodate a greater range of decision support needs, including climate 
change impacts assessments. 

2.3 Potential Applications 

The Climate Change Threshold Analysis Approach is proposed for flood 
management in assessing climate change effects because of the inherent 
conflicts between traditional risk-based assessment and flood management 
needs; the occurrence probability of extreme events under climate change 
conditions is not supported by current scenario approaches, as discussed at 
length in Section 2.1. 
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The above conceptual design of the Climate Change Threshold Analysis 
Approach also suggests significant challenges and likely research required 
to better define causal relationships between atmospheric metrics, 
hydrologic metrics, and potential exceedence of the critical threshold of 
certain flood management system component(s), or community metrics. 
The inherent multiple-to-one relationships among these various layers of 
parameters are barriers to full implementation of the proposed bottom-up 
approach, although the approach could be foundational for identifying a 
systemwide investment strategy that would achieve broad public support. 

The current 2012 CVFPP will be based on available information and 
modeling tools, with critical updates and enhancement.  It is anticipated 
that the 2017 CVFPP update would benefit from the current investment of 
modeling tools, data development, and systemwide planning. Similarly, the 
2017 CVFPP will benefit from the development of the Climate Change 
Threshold Analysis Approach.  While available information and modeling 
tools do not support a complete application of the this approach for the 
2012 CVFPP, to demonstrate the concept, a pilot study has been conducted 
and documented in the following chapter of this report. 

The concepts of the Threshold Approach Analysis and the emphasis on the 
bottom-up vulnerability analysis are also applicable for other water 
management planning purposes.  These concepts emphasize local and 
regional innovations and resources management to formulate the best 
approach and actions to resolve identified community vulnerabilities, 
particularly in long-term water management planning (Brekke et al., 2009). 
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3.0 Pilot Study 
The pilot study provides a proof of concept that demonstrates the merits of 
the Climate Change Threshold Analysis Approach for the CVFPP decision-
making process. Results of this study will give direction to scientists on key 
areas requiring further research and, more importantly, provide critical 
references for policy makers in formulating a State flood system 
investment strategy.  However, because it is a demonstration, the pilot 
study is not likely to be sufficient for providing recommendations on future 
investment because the models, data, and techniques are preliminary results 
from many ongoing studies. 

3.1 Pilot Study Scope 

The pilot study focuses on critical reservoir operational thresholds at 
Oroville Dam on the Feather River. Oroville Dam and Lake Oroville lie in 
the foothills on the western slope of the Sierra Nevada, 1 mile downstream 
from the junction of the Feather River's major tributaries. DWR owns and 
operates the dam to store winter and spring runoff, which is released into 
the Feather River to meet downstream environmental needs and SWP water 
supply. Lake Oroville also provides pumped-storage capacity, 750,000 
acre-feet of flood management storage, recreational opportunities, and 
freshwater releases to control salinity intrusion in the Delta and to protect 
fish and wildlife. 

Oroville Dam is the only major flood control reservoir in the Central 
Valley that is included in the SPFC (DWR, 2010).  It has a significant flood 
management function and its operation coordinates with the operation of 
New Bullards Bar Reservoir on the North Yuba River.  Therefore, if 
Oroville Dam loses its capacity to regulate flows (i.e., is required to release 
water from its emergency spillway), there would be considerable potential 
for widespread effects throughout the State-federal flood management 
system.  The initial intent of the pilot study was to investigate the 
possibility of Oroville Dam being forced to use its emergency spillway if 
the system were overwhelmed by increased inflow under climate change. 
However, it is important to recognize that the spillway of Oroville Dam has 
never been used since Oroville Dam was constructed in 1967. The analysis 
therefore also investigated exceedence of objective releases from Oroville 
Dam, New Bullards Bar Dam, and two control points downstream. 
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3.2 Pilot Study Methodology 

The pilot study has two parts: (1) a vulnerability assessment at Oroville 
Dam using hydrology from the Sacramento and San Joaquin River Basins 
Comprehensive Study (Comprehensive Study) (USACE, 2002) and HEC-
ResSIM reservoir operations model, and (2) an assessment of climate 
change impacts on precipitation and runoff processes associated with 
temperature increases. 

3.2.1 Vulnerability Assessment 

Hydrology from the Comprehensive Study (USACE, 2002) and a HEC-
ResSIM reservoir operations model were used to assess the vulnerability of 
Oroville Dam to changes in the volume of inflow. As previously 
mentioned, the volume of a flood hydrograph is a hydrologic metric that 
can be used for the Climate Change Threshold Analysis Approach.  
Because current flood management protocols cause Oroville Dam and 
Yuba County Water Agency’s New Bullards Bar Dam to operate for a 
common compliance point (USACE, 1970), the vulnerability assessment 
was completed for the Oroville-New Bullards Bar complex as a whole. 

HEC-ResSIM 3.0 Reservoir Operations Model 
A HEC-ResSIM 3.0 reservoir operations model was developed by USACE 
as part of the DWR Forecast Coordinated Operations Program for the 
Feather and Yuba rivers (YCWA, 2005).  DWR is developing a new set of 
Central Valley flood hydrology in collaboration with USACE, with results 
anticipated in 2012. As part of this effort, additional updates were made to 
the HEC-ResSIM model.  USACE provided a working version of this 
model for use in the pilot study (USACE, 2011). 

The model uses inflows as an upstream boundary condition for reservoir 
operations and downstream routing. HEC-ResSIM routes flow through 
reservoirs based on specified operational criteria.  Operational criteria in 
the HEC-ResSIM baseline models strictly observe guidelines established 
within the reservoir’s water control manual (USACE, 1970) and focus on 
flood damage reduction operations and winter operations for water supply 
and hydropower.  Under normal conditions, when reservoir storage 
encroaches into the flood pool (i.e., storage exceeds the top of conservation 
pool), reservoir outflow increases up to the objective release to evacuate 
water from the flood pool. The objective release is based on downstream 
channel capacity and reservoir outlet capacity.  If inflow into the reservoir 
is greater than outflow, the volume of water in the reservoir continues to 
increase and emergency spillway releases (which are greater than objective 
releases) begin when storage reaches the gross pool. 
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Objective flows and storage volumes for Oroville Dam and Lake Oroville 
and New Bullards Bar Dam and Reservoir are presented in Table 3-1 
(USACE, 2002). 

Table 3-1.  Objective Flows and Storage Volumes for Feather and 
Yuba River Reservoirs 

Reservoir River Objective Flow 
Gross Pool 

Storage 
(TAF) 

Maximum 
Flood Space 

(TAF) 

Oroville Dam 
and Lake 
Oroville 

Feather 
River 

Below dam – 150,000 cfs 
Gridley – 150,000 cfs 

Yuba City – 180,000 cfs 
Feather – Yuba River 

Junction – 300,000 cfs 
Nicolaus – 320,000 cfs 

3,538 750 

New Bullards 
Bar Dam and 
Reservoir 

Yuba 
River 

Below dam – 50,000 cfs 
Marysville at Yuba River – 

180,000 cfs 
970 170 

Source: USACE, 2002 
Key: 
cfs = cubic feet per second 
TAF = thousand acre-feet 

Inflow Hydrology 
As previously mentioned, DWR is developing a new set of Central Valley 
flood hydrology, in collaboration with USACE.  The results are anticipated 
in 2012 and were not available for the pilot study. 

For demonstration purposes and consistency with 2012 CVFPP 
development, the pilot study uses hydrology from the Comprehensive 
Study (Appendix A) as inflows for the HEC-ResSIM model. The 
Comprehensive Study hydrology was formulated in the context of the 
“Composite Floodplain” concept that a frequency-based floodplain is not 
created by a single flood event, but by a combination of several events, 
each of which shapes a floodplain at different locations.  To construct a 
Composite Floodplain, a series of storm centerings, which is a set of storms 
with different return periods assigned to a set of tributaries, was developed 
to characterize flooding in different parts of the basin (Hickey et. al., 2003). 

Synthetic hydrology was developed so that the Composite Floodplain 
would represent the maximum extent of inundation possible at all locations 
for any of seven simulated synthetic return period storm events (USACE, 
2002). Synthetic storm runoff centerings were generated based on the 
analysis of 19 historical storms.  The center of a storm is the location in the 
system with the highest intensity and is defined as a set of tributaries.  Two 
basic types of storm runoff centerings were developed: mainstem (basin-
wide storms that stress the system on a regional basis) and tributary (storms 



2012 Central Valley Flood Protection Plan 
Attachment 8K: Climate Change Analysis 

3-4 January 2012 
 Public Draft 

that generate extremely large floods on individual tributaries).  Tributary 
centerings were prepared for 18 individual rivers (USACE, 2002). 

The pilot study used the 1 percent annual exceedence probability (AEP) 
centering for the Feather River at Oroville. The 1 percent AEP event was 
chosen because downstream channel capacity is generally not exceeded for 
baseline conditions in the Feather River Basin for storms with a higher 
AEP. If channel flows are within channel capacity, it is assumed that the 
system can safely convey the water without flooding adjacent areas. 
Because flow is within channel capacity, operational changes would not 
affect the volume of flooding. 

In the Comprehensive Study, the basic pattern of all synthetic flood 
hydrographs was a 30-day hourly time series consisting of six waves, each 
5 days in duration. Volumes were ranked and distributed into the basic 
pattern. The highest wave volume was always distributed into the fourth 
wave, or the main wave. The second and third highest volumes preceded 
and followed the main wave, respectively. The fourth highest volume was 
distributed into the second wave and the fifth highest was distributed into 
the final of the six waves. The sixth and smallest wave volume was 
distributed into the first wave of the series. The shape of each wave is 
identical, and the magnitude is determined by the total volume that the 
wave must convey. The pilot study used a 7-day period centered on the 
largest volume (fourth) flood wave. The 7-day period was chosen over the 
complete 30-day synthetic hydrology to focus the analysis on a high-
intensity storm, such as would be associated with an atmospheric river. 

Inflow Changes 
To simulate larger storm events resulting from climate change, changes 
were made to reservoir inflows in HEC-ResSIM. For illustrative purposes, 
the pilot study uses only the Comprehensive Study hydrology from the 
Oroville storm centering, and focuses on the main wave portion of the 30-
day hydrology. The resulting 7-day hydrograph from the 1 percent AEP 
Feather River at Oroville centering was scaled upward from zero to 50 
percent in increments of 10 percent. Scaling was performed such that a 10 
percent increase in volume resulted in a 10 percent increase in peak 
volume.  Fifty percent was chosen as a reasonable upper bound for 
potential inflow increases; fifty percent is well above the upper end of the 
range of expected increase in the intensity of atmospheric rivers (Dettinger, 
2011). 
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Threshold Exceedence 
The occurrence and magnitude of threshold exceedence was identified for 
each scaling factor. Threshold exceedence was identified at Oroville Dam, 
New Bullard’s Bar Dam, at the confluence of the Feather and Yuba rivers 
in Marysville, and on the Feather River at Nicolaus. 

Sensitivity Analysis on Initial Reservoir Storage 
Threshold exceedence depends on not only the volume of inflows from a 
storm event, but also the initial storage level of a reservoir. Therefore, 
sensitivity of these results to various initial reservoir storage conditions was 
also required for better understanding the associated vulnerability. For the 
pilot study, initial reservoir storage was initially assumed to be at the top of 
the conservation pool, and was increased in increments of 10 percent, to 
simulate encroachment into the flood pool before the advent of the modeled 
storm. 

Possible Other Factors Not Considered 
Threshold exceedence considered in this pilot study would likely be 
influenced by additional atmospheric and hydrologic factors such as 
seasonality, time to peak flows, and initial watershed conditions, among 
others. However, for the demonstration purpose of the pilot study, only 
changes in volume and initial storage were considered. 

3.2.2 Assessment of Climate Change Impact on 
Hydrologic Processes 

Future extreme precipitation events are difficult to project because climate 
projections from GCMs have difficulty providing regional and local scale 
precipitation patterns, and because of the substantial influence of both 
human settlement patterns and water-management choices on overall flood 
risk (DWR, 2005).  As previously mentioned, the Atmospheric River Index 
could be an atmospheric metric used in the Threshold Analysis Approach; 
however, research on this topic is preliminary.  For demonstrative 
purposes, a recently developed tool for identifying atmospheric river events 
in GCMs was used in the pilot study to estimate potential changes in 
extreme precipitation events. 

Atmospheric River Analysis 
Atmospheric rivers are narrow, intense bands of moist air associated with 
enhanced vapor transport (Dettinger et al., 2009).  Atmospheric rivers are 
typically several thousand kilometers long and only a few hundred 
kilometers wide, and a single atmospheric river can carry a greater flux of 
water than the Earth’s largest river, the Amazon River (Zhu et al., 1998). 
Atmospheric rivers can be referred to as tropical plumes, Hawaiian fire 
hoses, or Pineapple Expresses (Kerr, 2006). 
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Atmospheric rivers have been identified as the primary (and, in some 
settings, essentially only) cause of flooding of California rivers (Dettinger 
et al., 2011). One example is the widespread, devastating 1997 flood in the 
Central Valley.  Figure 3-1 shows several visualizations of the atmospheric 
river event impacting California on January 2, 1997 (Dettinger et al., 2009). 

 
Source: Dettinger et al., 2009 
Figure 2-6.  Visualizations of 1997 Atmospheric River Conditions 

Integrated Water Vapor Flux Tool 
The change in intensity of atmospheric rivers is used in the pilot study as a 
proxy for changes in extreme atmospheric conditions under climate change, 
and relates to resulting reservoir inflow changes.  This analysis 
qualitatively assesses how future changes to atmospheric river 
characteristics could affect reservoir vulnerability.  The pilot study 
demonstrates this approach using a recently formulated integrated water 
vapor flux tool to detect atmospheric river events. 

This atmospheric river detection approach involves calculating daily 
vertically integrated water vapor (IWV) in the atmosphere and daily wind 
speeds and directions at the 925 millibar pressure level for a GCM grid cell 
just offshore from the Central California coast. An atmospheric river event 
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is determined to be occurring when IWV is greater than 2.5 cm at the same 
time that the upslope component of wind is greater than 10 meters per 
second (i.e., IWV flux is 25 meters per second - centimeters or greater). 
The National Oceanic and Atmospheric Administration (NOAA) 
Hydrometeorological Testbed Program has identified this threshold in IWV 
flux as a threshold for extreme precipitation events that can lead to flooding 
(Neiman et al., 2009). 

Orographic precipitation processes are not well represented in current 
GCMs; the primary avenue for inferring possible future changes in this 
mechanism for flood generation is analysis of atmospheric river conditions 
just offshore and just before their flood-generating encounters with 
mountain ranges after many thousands of kilometers of passage over 
uninterrupted ocean surfaces. This limitation of current GCMs is the 
motivation for the focus of the present analysis on atmospheric rivers just 
offshore (Dettinger, 2011). 

In the pilot study, IWV flux was determined, based on information from 
GCMs, for each day in four 20-year epochs: 1961 through 1980, 1981 
through, 2046 through 2065, and 2081 through 2100. These simulation 
periods were chosen because daily water vapor, winds, and temperatures 
were available from only a few IPCC GCMs. More GCMs will provide this 
detailed data in the next round of IPCC simulations. 

Consistent with the demonstration purpose of the pilot study, the A2 
scenario (IPCC, 2007) was used because it provides the strongest 
greenhouse forcing on climate, and the clearest indications of directions of 
change in natural variability, among the scenarios for which climate 
projections were commonly available. A more detailed description of the 
IWV flux methodology for the atmospheric river analysis can be found in 
Neiman et al. (2009) and Dettinger (2011). 

3.3 Pilot Study Results 

This section presents the results of the two major components of the pilot 
study: the vulnerability assessment and likelihood assessment. 

3.3.1 Vulnerability Assessment 

Scenarios of 1 percent AEP reservoir inflows, increased in 10 percent 
increments up to 50 percent, were modeled for the Feather-Yuba flood 
management system. 
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Key assumptions in this demonstration analysis include the following: 

• The initial storage in Lake Oroville is at the top of the conservation 
pool for January (2.788 million acre-feet) 

• The initial storage in New Bullards Bar Reservoir is at the top of the 
conservation pool for January (790,000 acre-feet) 

• The assumed storm is of 1 percent AEP 

• Existing flood operation rules for both reservoirs 

Figure 3-1 presents the results of each of these six scenarios for Lake 
Oroville, New Bullards Bar Reservoir, and three downstream control 
points: the Yuba River at Marysville, the confluence of the Feather and 
Yuba rivers, and the Feather River at Nicolaus. The threshold is identified 
for each location based on the objective flow. 

 
Figure 3-2.  Simulated Peak Flow by Inflow Scenario 

With initial storage assumed to be at the top of the January conservation 
pool in Lake Oroville and New Bullards Bar Reservoir before the 1 percent 
AEP storm, increasing the peak inflow volume by 30 percent or greater led 
to exceedence of the objective release during peak outflows. Interestingly, 
inflow increases of 10 and 20 percent resulted in reduced outflows relative 
to the baseline. This outflow reduction is a result of Lake Oroville’s joint 
operation with New Bullards Bar Reservoir. New Bullards Bar Reservoir 
exceeded its objective release at any increase in inflows. As New Bullards 
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Bar Reservoir was forced to release greater flows, Lake Oroville released 
less to meet objective flows at the downstream control points. However, 
when inflows were increased by 30 percent, the objective release at Lake 
Oroville was exceeded. Objective releases were exceeded at all three 
downstream control points when inflows were increased 20 percent or 
greater. 

These results are translated into identification of threshold exceedence and 
summarized in Table 3-2. Detailed figures showing simulated hydrographs, 
reservoir storage, and thresholds are presented in Appendix A. 

Table 3-2.  Potential Threshold Exceedence by Increase in Inflow 

Control Point 

Potential Threshold Exceedence by Increase in 
Inflow 

0% 10% 20% 30% 40% 50% 

Lake Oroville No No No Yes Yes Yes 

New Bullards Bar Reservoir No Yes Yes Yes Yes Yes 

Yuba River at Marysville No No Yes Yes Yes Yes 

Feather-Yuba Confluence No No Yes Yes Yes Yes 

Nicolaus No No Yes Yes Yes Yes 
Key: 
Green = threshold not exceeded 
Red = threshold exceeded 

This assessment identifies New Bullards Bar Reservoir as a critical point of 
vulnerability within this portion of the flood management system. Lake 
Oroville is likely of less concern under lower levels of inflow increases. 

3.3.2 Likelihood Assessment 

The vulnerability assessment identified components of the flood system 
that would be vulnerable to hydrologic changes. However, for this analysis 
to be useful for planning future flood management system investments, an 
assessment of the likelihood of these changes occurring is required. As 
mentioned, this likelihood assessment was conducted for the pilot study 
using potential changes to atmospheric rivers as an indicator of changing 
atmospheric conditions. 

Figure 3-3 shows results of the atmospheric river analysis, using IWV flux 
as a proxy for atmospheric river intensity. For the 1 percent AEP event, 
relative to a baseline from 1961 through 2000, simulation results from the 
seven GCMs indicate a range of average atmospheric river intensities from 
94 percent to 125 percent from 2046 through 2065, and from 
approximately 91 through 132 percent from 2081 through 2100. The 
simulated change in atmospheric river intensity was similar for each of the 
simulated events. 
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Figure 3-3.  Changes in Estimates of Atmospheric River Intensities 
Based Climate Change Simulations by Seven Global Climate Models 
Using the A2 Emissions Scenario 

These results, while subject to the substantial uncertainties identified in the 
methodology section, confirm that inflow changes modeled in the reservoir 
threshold analyses are within a reasonable range. The higher inflows are 
likely to be conservative. 

3.4 Findings 

The Climate Change Threshold Analysis Approach was designed to result 
in three possible outcomes: (1) threshold exceedence is a potential concern, 
(2) it is not a concern, or (3) further research is required. 

The results of the pilot study indicate that at Lake Oroville, threshold 
exceedence would occur with an approximate 20 to 30 percent increase in 
inflows from the 1 percent AEP event. The results of the likelihood 
analysis, using atmospheric river changes to represent climate change, 
confirm that this increase is within a reasonable range, although it is on the 
upper end of the range. Therefore, threshold exceedence at Lake Oroville 
could indeed be a concern under reasonable simulations of future 
conditions. 

Solid: Changes in AR Intensities, 2081–2100 vs 1961–2000 
Open: Changes in AR Intensities, 2046–2065 vs 1961–2000 
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However, the analysis also shows that New Bullards Bar Reservoir would 
be much more sensitive to inflow changes than Lake Oroville; critical 
thresholds would be crossed at much lower inflow increases, primarily 
because of physical constraints on releases from New Bullards Bar Dam. 
This implies that when pursuing long-term changes to improve flood 
management for the Yuba-Feather river system, it would be more 
reasonable to explore investing in flood management actions at New 
Bullards Bar Dam than at Oroville Dam. 

The pilot study analysis also identified critical data gaps and areas of future 
research. In particular, the analysis was limited by the lack of a relationship 
between atmospheric river intensity and precipitation rates, which would 
make the critical connection that would be necessary for any quantitative 
threshold analysis. Atmospheric river events were used in the pilot study as 
a reasonable proxy, but do not fully represent the potential range of 
changes to extreme precipitation processes under climate change. The pilot 
study did not use an atmospheric-watershed model to connect atmospheric 
river changes to the reservoir operations model because these tools are still 
in development. It was assumed for the purposes of the pilot study that 
simulated changes in atmospheric river events and temperature translated to 
changes in inflow at Lake Oroville. Additional uncertainties that are not 
accounted for in this analysis include uncertainties in watershed controls on 
precipitation processes, the effect of changing freezing elevations, and rain-
on-snow events. As a result of these substantial uncertainties in the 
analysis, this pilot study was conducted at a qualitative level. The results of 
this study are helping guide development of improved modeling tools 
(discussed in Section 2.2.4), which should enable a more quantitative 
analysis for the 2017 CVFPP. 
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5.0 Acronyms and Abbreviations 
°C .............................. degrees Celsius 

°F ............................... Degrees Fahrenheit 

AEP ........................... annual exceedence probability 

AR ............................. Atmospheric River 

BCCA ........................ Bias Corrected Constructed Analogue 

BCSD ........................ Bias Correction and Spatial Disaggregation 

Board ......................... Central Valley Flood Protection Board 

CA ............................. Constructed Analogue 

CAT ........................... Climate Action Team 

CCSDWG .................. Climate Change Scope Definition Work Group 

CCTAWG .................. Climate Change Threshold Analysis Workgroup 

CEC ........................... California Energy Commission 

cfs .............................. cubic feet per second 

cm .............................. centimeter 

CO-CAT ..................... Coastal and Ocean Climate Action Team 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

CVP ........................... Central Valley Project 

CWMS  ...................... Corps Water Management System 

Delta .......................... Sacramento-San Joaquin River Delta 

DWR .......................... California Department of Water Resources 

GCM .......................... Global Climate Model 

HEC-HMS .................. Hydrologic Engineering Center – Hydraulic Modeling 
System 

IPCC .......................... International Panel of Climate Change 

IWV ............................ integrated water vapor 

M&I ............................ municipal and industrial 

mm/yr ........................ millimeter per year 

NOAA ........................ National Oceanic and Atmospheric Administration 

NRC ........................... National Research Council 
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NWS-RFS .................. National Weather Service River Forecasting System 

O&M .......................... operations and maintenance 

OPC ........................... Ocean Protection Council 

PRMS ........................ Precipitation-Runoff Modeling System 

SPFC ......................... State Plan of Flood Control 

State .......................... State of California 

SWP .......................... State Water Project 

USACE ...................... U.S. Army Corps of Engineers 

USGS ........................ U.S. Geological Survey 

VIC ............................. Variable Infiltration Capacity 
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Figure A-1.  Zero Percent Increase in Inflows 
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Figure A-2.  Ten Percent Increase in Inflows 
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Figure A-3.  Twenty Percent Increase in Inflows 
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Figure A-4.  Thirty Percent Increase in Inflows 
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Figure A-5.  Forty Percent Increase in Inflows 



2012 Central Valley Flood Protection Plan 
Attachment 8K: Climate Change Analysis 

 

A-6 January 2012 
 Public Draft 

 

 

 

 
Figure A-6.  Fifty Percent Increase in Inflows 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches) and provides an overview of the report organization. 

1.1 Purpose of this Attachment 

Legislative direction to improve the performance and eliminate deficiencies 
of State Plan of Flood Control (SPFC) facilities and to develop a prioritized 
list of recommended actions is described in California Water Code Section 
9616. Section 9616 requires that the Central Valley Flood Protection Plan 
(CVFPP) shall, whenever feasible, meet multiple objectives, including each 
of the following: 

• Identify opportunities for reservoir reoperation in conjunction with 
groundwater storage 

• Link the flood protection system with the water supply system 

This document summarizes the approach and findings of an evaluation of 
groundwater recharge project types and general locations that could be 
used to integrate groundwater recharge and groundwater storage with the 
flood management system for the dual benefits of increasing flood 
management flexibility and water supply reliability. The findings help 
inform the formulation and evaluation of the State’s Systemwide 
Investment Approach presented in the 2012 CVFPP. The initial 
identification of opportunities is based primarily on a review of past studies 
and preliminary findings from flood management analyses completed for 
the 2012 CVFPP. 

1.2 Background 

Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the SPFC, and will be updated every 5 years. 
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As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

This analysis of potential groundwater recharge projects that could be used 
to integrate groundwater storage with the flood management system 
considered the possibility of recharging water at locations both within and 
outside the SPFC and Systemwide planning areas. Evaluating opportunities 
outside the Systemwide Planning Area was important because these areas, 
located farther from established surface water channels, often have greater 
available groundwater storage capacity, as described below. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Process 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

Integrating groundwater storage with the flood management system was 
identified as a potential management action that could help meet the 
primary goal of improving flood risk management while also providing the 
benefit of improved water supply reliability. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different preliminary 
approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These preliminary 
approaches are not alternatives; rather, they bracket a range of potential 
actions and help explore trade-offs in costs, benefits, and other factors 
important in decision making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 
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Comparing these preliminary approaches helped identify the advantages 
and disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 summarizes the approach and methodologies used to evaluate 
groundwater storage opportunities. 

• Section 3 describes the mechanisms by which groundwater recharge 
occurs and physical factors affecting groundwater recharge rates. 

• Section 4 summarizes results for the different categories of 
groundwater recharge identified for this analysis. 

• Section 5 describes the conclusions drawn from the analysis of 
groundwater storage opportunities in conjunction with flood 
management. 
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• Section 6 contains references for the sources cited in this document. 

• Section 7 lists abbreviations and acronyms used in this document. 
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2.0 Approach and Methodology 
Three categories of groundwater projects for integrating groundwater 
recharge with the flood management system were identified and evaluated 
for this attachment: 

• Category I – Groundwater recharge projects associated with 
operational changes to existing reservoirs. 

• Category II – Groundwater recharge projects associated with capturing 
unappropriated floodflows. 

• Category III – Groundwater recharge projects associated with 
modified or new floodplain storage. 

Each category was qualitatively evaluated to determine how it could serve 
to improve flood risk management and water supply reliability. The 
evaluation consisted of describing groundwater recharge mechanisms and 
physical factors influencing recharge (see Section 3), compiling 
information from prior studies of groundwater recharge in the Central 
Valley (see Section 4), and a basin-scale evaluation of potential recharge 
locations for the three groundwater project types based on historical 
groundwater elevation data and basin-scale soils data (see Section 4). 
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3.0 Groundwater Recharge 
Mechanisms and Physical Factors 
Affecting Recharge Rates 

Groundwater aquifers are naturally recharged through several processes, 
including infiltration of precipitation falling on the land surface and 
infiltration of surface water (e.g., from lakes and rivers) through the 
unsaturated zone to the water table. In addition to natural mechanisms, 
managed groundwater recharge mechanisms can be applied in several 
forms, including the following: 

• Recharge Basins – Water can be applied to percolation ponds, bermed 
and flooded fields, or excavated pits to directly recharge an underlying 
target aquifer (Figure 3-1). 

• Injection Wells – Injection wells can be used to directly recharge deep 
or confined aquifers (Figure 3-1). 

• In-Channel Recharge – Groundwater recharge can be enhanced by 
releasing greater than normal amounts of water to streams or unlined 
canals in locations where the stream or canal discharges to the aquifer 
(i.e., losing reaches) (see Figure 3-1). 

• In-Lieu Recharge – In-lieu recharge is a special case of natural 
recharge.  In times of surplus surface water, water users who are 
traditionally supplied by groundwater are instead given access to 
surface water. By using surface water, users allow that same amount of 
water to remain in storage as groundwater. 
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Source: Groundwater and Surface Water in Southern California: A Guide to Conjunctive Use 
(Association of Groundwater Agencies, 2002) 
Figure 3-1.  Groundwater Recharge Mechanisms 

Managed groundwater recharge projects may require land acquisition, 
construction and maintenance of the recharge facility (recharge basins or 
wells), conveyance facilities to transport surface water to the facility or to 
users in the case of in-lieu recharge, retrieval facilities (i.e., pumping 
wells), and monitoring of the recharged groundwater. 

Additional discussion of groundwater recharge mechanisms and 
requirements of managed groundwater recharge projects can be found in 
the California Water Plan Update 2009 (DWR). 

Several physical parameters that determine the suitability of a potential site 
for providing groundwater recharge benefits were identified and 
summarized below. Not all physical parameters are important for every 
recharge mechanism (e.g., the requirements for recharge basins are 
different than those for in-lieu recharge). Important physical parameters 
include the following: 

• Available Groundwater Storage Capacity – Available storage 
capacity is defined as the volume of a basin that is unsaturated and 
capable of storing additional groundwater. It is typically computed as 
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the product of the empty volume of the basin and the average specific 
yield of the unsaturated part of the basin. The available storage capacity 
does not include the uppermost portion of the unsaturated zone, in 
which saturation could cause problems such as crop root damage or 
increased liquefaction potential. Areas where the water table elevation 
has been depressed by groundwater extraction or long-term climatic 
conditions provide the greatest opportunities for groundwater recharge, 
while areas where the aquifer is relatively “full” do not. In general, 
aquifers in the San Joaquin Valley Groundwater Basin have larger 
storage capacity than those in the Sacramento Valley Groundwater 
Basin. 

• Suitability of Soils – For most direct recharge methods, recharge 
volume is controlled by the rate at which water can infiltrate into the 
soil. Infiltration capacity is a measure of the volume of water that can 
be recharged per unit of time and is determined by soil moisture, 
saturated hydraulic conductivity, and moisture potential. Infiltration 
capacity of a basin can decrease through time due to clogging of pore 
space within the upper soil horizon. Routine maintenance may be 
required to maintain infiltration capacity at the sites. 

• Aquifer Suitability – Water must not only migrate through the 
surficial soils, as described above, but it must also travel to the aquifer 
system that is used for regional or local groundwater supply. In the 
various depositional systems found in the Central Valley, there are 
locations where surface soils with high infiltration capacities overlie 
less permeable aquifer units. These less permeable units impede the 
flow of infiltrated water and prevent the water from reaching the target 
aquifer. In these cases, water infiltrates to only relatively shallow 
depths and then moves laterally, often discharging to downgradient 
surface water bodies. The degree to which water moves down through 
the shallow aquifers is often related to the degree of interconnectedness 
of coarse-grained deposits. 

• Capacity for Recovery of Recharged Groundwater – To be 
considered a water supply benefit, water recharged at these facilities 
must be recoverable. To recover the water, a sufficient number of wells 
must be present near the sites to extract water from the target aquifers. 
Energy requirements need to be considered during planning to make 
groundwater costs economically viable. In general, the more 
transmissive an aquifer and the shallower the depth to water, the 
cheaper it will be to recover recharged water. Some portion of 
recharged water is not recoverable. Determining the percentage of 
recharged water that can be considered legally recoverable requires 
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Issues Facing Managed Groundwater 
Storage 
A number of issues facing managed groundwater 
storage were identified in the California Water Plan 
Update 2009 (DWR) and those issues are 
summarized below: 

Uncertainty exists in the amount of surface water 
available for managed groundwater storage. 

Securing funding for potentially costly managed 
recharge activities can be difficult. The benefits of 
groundwater recharge activities must outweigh the 
associated costs. 

Uncertainty exists on the impact of groundwater 
pumping on surface water flows and aquatic 
ecosystems due to interconnectedness of hydrologic 
systems. 

Costs associated with siting new or enlarged recharge 
facilitates can be high. 

Uncertainty and inconsistency can exist in the 
regulation of managed aquifer recharge with respect 
to water quality. 

The data and tools needed to develop managed 
groundwater storage projects are often lacking. 

Infrastructure and operational constraints sometimes 
make managed groundwater storage difficult. 

Degradation of groundwater quality can be a concern 
if the recharged water is not of good quality. 

Managed groundwater recharge projects can have 
environmental impacts such as disturbing natural 
habitat. 

Uncertainty exists with respect to the impact that 
climate change may have on surface water flows and 
the water that could be available for managed 
groundwater storage projects. 

development of accounting tools, groundwater monitoring networks, 
and groundwater modeling tools. 

• Water Quality – Groundwater basin water quality is an important 
concern for recharging groundwater that can be used later for 

agricultural or municipal use. 
Important constituents will vary based 
on the intended end use of the water, 
but can include total dissolved solids 
(TDS), lead, arsenic, boron, and 
organics. Taste of extracted water is 
an important concern for municipal 
use. 

A number of other issues, including 
who will own the stored water and 
whether they have the capacity to use 
it locally or transfer it elsewhere, 
would need to be considered in 
ultimately assessing the viability of a 
site for managed groundwater 
recharge. These issues are described 
in DWR’s California Water Plan 
Update 2009 (see sidebar). 
Evaluation of these other issues was 
beyond the scope of this report. These 
issues will be a part of subsequent 
and more detailed evaluations that 
would be required to implement 
identified opportunities for 
integrating groundwater storage with 
the flood management system. 
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4.0 Results 
Information from previous studies of groundwater recharge in the Central 
Valley was compiled to inform the discussion of groundwater recharge in 
the context of flood management. The review focused on basin-scale 
studies and selected site-specific studies, although this review was not 
intended to include every historical groundwater recharge study for the 
Central Valley. One of the primary historical documents used was the 
Hydrogeologic Suitability of Potential Groundwater Banking Sites in the 
Central Valley of California study (Purkey and Thomas, 2001). This study 
documented a screening process to identify suitable sites throughout the 
Central Valley for groundwater recharge via recharge basins; several of 
those sites are summarized in Table 4-1. A subset of the sites evaluated in 
the 2001 Purkey and Thomas study were also used for the Conjunctive Use 
for Flood Protection study (USACE, 2002a), which evaluated conjunctive 
use of surface water reservoirs and groundwater aquifers for the purpose of 
increased flood protection. While the 2001 Purkey and Thomas study and 
the 2002 U.S. Army Corps of Engineers (USACE) study both focused on 
groundwater recharge in conjunction with changes in existing reservoir 
operations, the sites these two studies evaluate could also be applicable for 
storing floodflows as long as the necessary conveyance facilities exist or 
could be constructed. 

4.1 Review of Groundwater Recharge Potential 
In the Central Valley 

Two figures (4-1 and 4-2) were prepared to aid in visualizing potential 
groundwater recharge project opportunities in the Sacramento Valley and 
San Joaquin Valley, respectively. The figures show the locations of 
selected sites from the 2001 Purkey and Thomas study, as well as the 
locations of several other existing or potential groundwater recharge sites. 
The figures also show the locations of existing or potential in-lieu recharge 
areas and locations of potential modified or new floodplain storage. These 
sites are evaluated by presenting them in relation to suitability of soils and 
available groundwater storage capacity, two of the five important physical 
factors. These two important physical factors were used to screen potential 
opportunities for groundwater recharge in conjunction with the flood 
management system. The other three important physical factors – aquifer 
suitability, capacity for recovery of recharged groundwater, and water 
quality – were addressed qualitatively on a case-by-case basis (see Table 
4-1). 
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Figures 4-1 and 4-2 include information on the hydrologic soil grouping of 
surface soils, as indicated from the U.S. Department of Agriculture Natural 
Resources Conservation Service (NRCS) State Soil Geographic 
(STATSGO) Database. Surface soils in the STATSGO dataset are placed in 
one of four hydrologic groupings based on estimates of runoff potential. 
These hydrologic groupings are indicative of suitability of soils for 
groundwater recharge. The hydrologic soil groups are defined by NRCS as 
follows: 

• Group A – Soils having a high infiltration rate (low runoff potential) 
when thoroughly wet. These consist mainly of deep, well-drained to 
excessively drained sands or gravelly sands. These soils have a high 
rate of water transmission. 

• Group B – Soils having a moderate infiltration rate when thoroughly 
wet. These consist chiefly of moderately deep or deep, moderately 
well-drained or well-drained soils that have moderately fine texture to 
moderately coarse texture. These soils have a moderate rate of water 
transmission. 

• Group C – Soils having a slow infiltration rate when thoroughly wet. 
These consist chiefly of soils with a layer that impedes the downward 
movement of water or soils of moderately fine texture or fine texture. 
These soils have a slow rate of water transmission. 

• Group D – Soils having a very slow infiltration rate (high runoff 
potential) when thoroughly wet. These consist chiefly of clays with a 
high shrink-swell potential, soils that have a high water table, soils that 
have a claypan or clay layer at or near the surface, and soils that are 
shallow over nearly impervious material. These soils have a very slow 
rate of water transmission. 

The hydrologic soil groupings, as plotted in Figures 4-1 and 4-2, are highly 
generalized (i.e., they are intended for basin-scale studies). Site-specific 
studies on infiltration rates will be needed in the feasibility study phase of a 
project before implementation. The brown shaded areas in Figures 4-1 and 
4-2 represent the two hydrologic soil groupings (Groups A and B) with the 
greatest anticipated infiltration rates. 

Figures 4-1 and 4-2 also show representative depth-to-water symbols for 
several sites. Depth to water is indicative of available groundwater storage 
capacity in unconfined aquifers, and was determined from measurements 
available in the DWR Water Data Library database. The methodology for 
determining representative depth to water was to use data for all 
groundwater wells in a 4-mile-square centered on the site. Historical depth 
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to water was averaged for each well in the square, and individual well 
averages were averaged to form an aggregate average depth to water for 
each project site. Wells with no monitoring data after 2000 were not used 
for the calculations. It should be noted that this methodology could be 
improved with additional monitoring data, or with more specific 
information about screen intervals for the wells used. However, this 
information is not often readily available for older wells. The figures show 
that generally more groundwater storage space is available in the San 
Joaquin Valley than the Sacramento Valley. The figures do not show 
potential or actual recharge opportunities in the Tulare Basin. Purkey and 
Thomas (2001) found that sites in the Tulare Groundwater Basin generally 
had greater storage capacities than other locations in the Central Valley. 

One potential improvement for future studies would be to develop a 
Central-Valley-wide surface representing depth to water. This depth-to-
water surface could be a widely distributed indicator for available storage 
capacity, compared to the point measurements calculated for this 
evaluation. However, development of such a surface would require an 
adequate distribution of groundwater monitoring locations and a relatively 
contemporaneous depth-to-groundwater data set, and may require 
application of professional judgment thresholds (e.g., excluding water level 
data from wells screened below a certain depth). 

Following is a summary of evaluation results for each category of 
opportunities for integrating groundwater recharge with the flood 
management system. 

4.2 Category I. Groundwater Recharge Projects 
Associated with Operational Changes to 
Existing Reservoirs 

Operational rules for reservoirs can be changed to increase flood pools (i.e., 
reservoir storage space available to capture upstream floodwater), thereby 
providing increased downstream flood protection. The practical impact of 
such a change would be increased releases from the reservoir before flood 
season. Changing reservoir operations in this way could be done in 
conjunction with coordinated groundwater recharge activities to store 
released water in subsurface aquifers.  Reservoir storage previously 
reserved for water supply would be transferred to a groundwater aquifer, 
making that space available for flood operations. The Conjunctive Use for 
Flood Protection study (USACE, 2002a), which was completed for the 
Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) (USACE, 2002b) identified up to 400 thousand 
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acre-feet (TAF) of additional flood storage space, which was termed the 
Conjunctive Use pool, in the Sacramento Valley and 343 TAF in the San 
Joaquin Valley.  For the Sacramento Valley, New Bullards Bar, Oroville, 
and Folsom Reservoirs were studied and for the San Joaquin Valley, Friant 
Dam/Millerton Lake, New Don Pedro Reservoir, and New Exchequer 
Dam/Lake McClure were studied. Although groundwater recharge for the 
Comprehensive Study was assumed to occur through direct methods such 
as recharge basins, recharge could also be implemented via injection wells 
or in-lieu methods. 

A decision or recommendation to change reservoir operations for flood 
control benefits would need to be made with the understanding of the 
impact of such a change on water supply, water quality, environmental 
flow requirements, and contracted water delivery requirements. Because of 
the complexity of the operational decisions this would entail, this 
evaluation does not further analyze groundwater recharge benefits 
associated with changes in reservoir operations. DWR’s ongoing System 
Reoperation Study can appropriately evaluate potential flood management 
benefits that might accrue from changes in reservoir operations. 

4.3 Category II. Groundwater Recharge Projects 
Associated with Capturing Unappropriated 
Floodflows 

Floodflows can be directly diverted from rivers to provide water supply 
benefits. The benefits may be immediate (i.e., diverting water directly for 
consumptive use) or deferred (i.e., groundwater recharge actions that allow 
the water to be extracted and used at a later time). This category of 
opportunities is largely locally driven with potential support provided by 
State and federal agencies. An example source of water for these activities 
is water released from federal storage facilities pursuant to Section 215 of 
the Reclamation Reform Act. Section 215 water is nonstorable and is made 
available on an annual basis to downstream users for reduced prices when 
certain conditions (e.g., heavy rainfall, snowmelt) result in larger than 
normal river flows. One potential limitation of using floodflows for 
consumptive use is the high sediment load that is sometimes present; this is 
generally of greater concern for municipal types of use than for agricultural 
use. One example of water directly using floodflows is the Friant Division 
contractors, who can accept Section 215 water released from Millerton 
Lake and convey the water using the Madera and Friant-Kern canals. 
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Deferred benefit opportunities could include many of the ongoing in-lieu 
and managed groundwater recharge projects in the Central Valley, as 
shown in Figures 4-1 and 4-2. Although not all of these projects, or 
potential recharge sites, were initiated with the purpose of capturing 
floodflows, they could be modified to accept floodflows if sufficient 
conveyance capacity were available. A few examples of these projects are 
briefly summarized below: 

• Sacramento Groundwater Authority Banking and Exchange Pilot 
Program – In 1999/2000, a pilot study was conducted among the 
Sacramento Groundwater Authority (SGA), Sacramento Area Flood 
Control Agency (SAFCA), and the U. S. Department of the Interior, 
Bureau of Reclamation, to exercise the groundwater storage potential of 
the region and investigate the mechanics of a large-scale banking and 
exchange program. In this pilot study, SAFCA diverted and stored 
(banked) 2,100 acre-feet of water in the basin. The following year, 
surface water in the amount of 1,995 acre-feet was made available by 
exchange through the extraction of groundwater in-lieu of diverting a 
Central Valley Project supply from Folsom Lake (MWH, 2002). 

• Farmington Groundwater Recharge Program –One example of a 
project with federal partnership is the Farmington Groundwater 
Recharge Program. USACE has partnered with Stockton East Water 
District to store up to 35,000 acre-feet per year of flood flows in local 
aquifers via direct recharge methods. This recharge water is intended to 
help arrest the overdraft condition of the Eastern San Joaquin 
Groundwater Basin and increase water supply reliability to the region 
(http://www.farmingtonprogram.org/) (see Farmington in Figure 4-2). 

• Madera Irrigation District Water Supply Enhancement Project – 
The proposed Madera Irrigation District Water Supply Enhancement 
Project would create a water bank to recharge groundwater at natural 
swales and constructed recharge basins. The purpose of the project is to 
increase water supply reliability, reduce aquifer overdraft, reduce 
groundwater pumping costs, increase the quality of groundwater, and 
encourage conjunctive use projects (Reclamation, 2011) (see Madera 
Ranch in Figure 4-2). 

• Kern Water Bank – The Kern Water Bank Authority, a Joint Powers 
Authority created in 1995, operates the Kern Water Bank. The Kern 
Water Bank occupies approximately 30 square miles of the 
southwestern San Joaquin Valley southwest of Bakersfield on the Kern 
River alluvial fan. The Kern Water Bank is capable of storing over 1 
million acre-feet (MAF) on a long-term basis, and has stored 
approximately 1.7 MAF since the beginning of the water banking 

http://www.farmingtonprogram.org/
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program. Approximately 240,000 acre-feet per year can be withdrawn 
using water supply wells located throughout the water bank. The well 
system is connected to the Kern Water Bank Canal, California 
Aqueduct, and Cross Valley Canal (http://www.kwb.org/). 

Several additional potential project locations are shown in Figures 4-1 and 
4-2, including groundwater banking sites that were identified in The 
Hydrogeologic Suitability of Potential Groundwater Banking Sites in the 
Central Valley of California study by Purkey and Thomas (2001). 

4.4 Category III. Groundwater Recharge Projects 
Associated with Modified or New Floodplain 
Storage 

Category III opportunities encompass any incidental groundwater recharge 
associated with potential floodplain storage or any actions designed to 
enhance groundwater recharge for water supply benefits as a result of 
floodplain storage. Inundation of floodplain storage areas would typically 
occur relatively infrequently and for short durations.  Potential floodplain 
storage areas could include areas where levees are set back, designated 
flood easements, potential bypass expansion areas, and areas where titles 
are purchased for permanent floodplain storage facilities. 

In addition to inundation frequency and duration, the water supply benefit 
associated with this category is directly related to the physical properties 
that govern the volume and rate at which water can be infiltrated through 
the soil and into the target aquifer. These properties include soil 
permeability (both at land surface and throughout the entire unsaturated 
zone) and water tables that are low enough to provide storage space for 
recharged water. 

Soil hydrologic classifications and depth-to-groundwater conditions shown 
in Figures 4-1 and 4-2 allow for an initial screening for evaluating recharge 
potential at locations where potential floodplain storage may occur. As 
shown in Figure 4-2, some areas have potentially permeable soils along the 
San Joaquin River between its confluence with the Merced River and 
confluence with the Stanislaus River. However, the depth-to-groundwater 
is shallow, suggesting little capacity for storing groundwater through 
artificial recharge.  Additional analysis may be required to evaluate specific 
groundwater recharge sites that are collocated with potential floodplain 
storage areas because the data evaluated for this attachment do not contain 
sufficient detail to determine site-specific soil properties. 

http://www.kwb.org/
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Figure 4-1.  Groundwater Recharge Opportunities Identified in Sacramento Valley 
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Figure 4-2.  Groundwater Recharge Opportunities Identified in San Joaquin Valley 
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Table 4-1.  Survey of Potential Groundwater Recharge Projects and Sites in Central Valley 

Site Name 
Location 

Description 
Recharge 

Mechanism 
Distance From 
River (miles) 

Available Storage 
Volume/Capacity 

Water Quality Soil Suitability Aquifer Suitability 
Groundwater 

Extraction 
Facilities 

Project Status 

Opportunity for 
Integration with 

Flood 
Management 

Sacramento Valley System 

Sacramento Valley 
Conjunctive Use 
Program 

Northern 
Sacramento Valley 

In Lieu N/A 

Storage capacity is 
relatively small (i.e., basin is 
generally full); basin would 
need to be exercised to 
create storage 

Unknown N/A N/A 
Depends on program 
implementation 

Feasibility Study 
Limited by full aquifer, 
high cost to 
implement 

Yuba County 
Water Agency 
Conjunctive Use 
Programs 

Yuba County/Yuba 
groundwater 
subbasins 

In Lieu N/A 

Yuba groundwater 
subbasins are generally full 
as a result of historical 
surface water deliveries 

Generally very good N/A N/A Yes 

Groundwater 
basin is being 
exercised through 
groundwater 
substitution 
transfers  

Limited; no additional 
flood storage 
operations have been 
identified at New 
Bullards Bar 
Reservoir 

SGA-SAFCA Sacramento area In Lieu N/A 
Approximately 500 TAF 
total available storage 
space  

N/A N/A Yes 
Pilot/ 
Implementation 
Phase 

Successful pilot test 
of integrated 
groundwater banking 
and flood operations 

Colusa Basin 
Conjunctive Use 
Opportunities 

Western 
Sacramento Valley 

Direct Recharge, 
In Lieu 

N/A Unknown Unknown 

Some good site-specific 
soil permeability 
corresponding to alluvial 
fan deposits associated 
with western foothill 
streams 

N/A 
Depends on program 
implementation 

Conceptual 

Limited by full aquifer, 
high cost to 
implement, limited 
public acceptance 

San Joaquin Valley System 

Mokelumne River 
Regional Water 
Storage and 
Conjunctive Use 
Project 

San Joaquin 
County 

In Lieu  and/or 
Direct Recharge  

Varies, in vicinity 
of Mokelumne 
River 

Program is targeting as 
much as 157 TAF/year of 
new water supply to help 
arrest groundwater 
overdraft and increase 
water supply reliability 

One project goal is to 
reduce saline water 
intrusion in the basin 

N/A 

This site is located in an 
area of overdraft 
conditions, making it 
suitable for groundwater 
recharge and banking 
operations 

Yes Feasibility Study 
Promising physical 
conditions  

Farmington 
Groundwater 
Recharge Program 

Eastern San 
Joaquin County 

Direct Recharge 
Varies, in vicinity 
of Calaveras River 

Program is targeting as 
much as 35 TAF/year in 
groundwater recharge 

One objective of the 
project is to establish 
a barrier to saline 
water intrusion 

Pilot studies at several 
sites have demonstrated 
suitable soil conditions 

Project is located near 
areas of overdraft 

Yes 
Pilot/ 
Implementation 
Phase 

Pilot studies 
demonstrated 
feasibility of 
recharging target 
aquifer 

Hetch Hetchy 
Aqueduct 

East of San 
Joaquin River, 
between Stanislaus 
and Tuolumne 
Rivers 

Possible 
Floodplain 
Storage, Direct 
Recharge 

3 miles to 
Tuolumne River; 
3.5 miles to San 
Joaquin River 

Groundwater elevations are 
high in this area; Purkey 
and Thomas (2001) 
identified a maximum of 
0.01 MAF of storage space 
(based on fall 1997 water 
levels) beneath this 4 mi2 
hypothetical basin; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range 
of storage capacity from 0.3 
to 1.6 TAF/mi2 of recharge 
area 

Water quality in this 
area is generally 
very good (Purkey 
and Thomas, 2001) 

Good site-specific soil 
permeability, little to no 
hardpan. Conjunctive Use 
for Flood Protection study 
(USACE, 2002a) 
assumed Kv = 0.8 ft/d. 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation 

Conceptual 

Low unless 
conjunctive use of 
groundwater creates 
storage space 
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Table 4-1.  Survey of Potential Groundwater Recharge Projects and Sites in the Central Valley (contd.) 

Site Name 
Location 

Description 
Recharge 

Mechanism 
Distance From 
River (miles) 

Available Storage 
Volume/Capacity 

Water Quality Soil Suitability Aquifer Suitability 
Groundwater 

Extraction 
Facilities 

Project Status 

Opportunity for 
Groundwater 

Recharge with 
Flood 

Management 

Dry Creek East of Modesto Direct Recharge 
1 mile to 
Tuolumne River 

Purkey and Thomas (2001) 
identified a maximum of 0.02 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
6.6 to 12.7 TAF/mi2 of recharge 
area 

Good basin and site-
specific water quality 
(Purkey and 
Thomas, 2001) 

Good site-specific soil 
permeability, little to no 
hardpan; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv = 1 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Montpellier East of Turlock Direct Recharge 

5.5 miles to 
Tuolumne River, 
8.5 miles to 
Merced River 

Purkey and Thomas (2001) 
identified a maximum of 1.04 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
19.1 to 26.4 TAF/mi2 of recharge 
area 

Relatively good 
basin and good site-
specific water quality 
(Purkey and 
Thomas, 2001) 

Good site-specific soil 
permeability, little 
hardpan; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv = 1 ft/d 

Located in Tulare geologic 
formation, which has 
similar characteristics to, 
but is somewhat thinner 
than, Modesto Formation 
noted above 

Depends on program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Owens Creek 

East of San 
Joaquin River 
between the 
Merced and 
Chowchilla rivers 

Direct Recharge 
3 miles to San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 0.79 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
1.3 to 4.5 TAF/mi2 of recharge 
area 

Purkey and Thomas 
(2001) noted good 
water quality in the 
Merced basin, but 
poor water quality at 
this specific site, 
particularly in regard 
to high TDS 

Low site-specific soil 
permeability, little to no 
hardpan; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv =  0.2 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Chowchilla Bypass 

Northeast of 
Fresno River 
upstream from 
confluence with 
San Joaquin River 

Direct Recharge 
1.5 miles to 
Fresno River 

Purkey and Thomas (2001) 
identified a maximum of 0.32 
MAF beneath this 4 mi2 basin; 
also noted condition of overdraft 
that could be slowed or reverse 
through groundwater recharge; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range of 
storage capacity from 6.6 to 12.5 
TAF/mi2 of recharge area 

Purkey and Thomas 
(2001) ranked the 
Chowchilla basin 
low for water quality, 
primarily because of 
elevated lead 
concentrations; site-
specific water quality 
was mediocre 

Moderately low site-
specific soil permeability, 
some hardpan; 
Conjunctive Use for 
Flood Protection study 
(USACE, 2002a) 
assumed Kv = 0.5 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Gravelly Ford 

East and north of 
San Joaquin River, 
upstream from 
Mendota Pool 

Direct Recharge 
6.5 miles to San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 3.61 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
14.7 to 16.7 TAF/mi2 of recharge 
area 

Overall water quality 
in the Madera basin 
is mediocre (Purkey 
and Thomas, 2001), 
primarily concern is 
elevated lead; site-
specific water quality 
was good 

Moderately low site-
specific soil permeability, 
little hardpan (Purkey 
and Thomas, 2001); May 
be other sites in this 
area with better soil 
conditions; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv = 1 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 
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Table 4-1.  Survey of Potential Groundwater Recharge Projects and Sites in the Central Valley (contd.) 

Site Name 
Location 

Description 
Recharge 

Mechanism 
Distance From 
River (miles) 

Available Storage 
Volume/Capacity 

Water Quality Soil Suitability Aquifer Suitability 
Groundwater 

Extraction 
Facilities 

Project Status 

Opportunity for 
Groundwater 

Recharge with 
Flood 

Management 

Madera Irrigation 
District Water 
Supply 
Enhancement 
Project 

Madera/Fresno area Direct Recharge 
6.5 miles to San 
Joaquin River 

Maximum recharge and 
recovery capacity of 55 TAF 
annually; approximately 400 
TAF available storage 
capacity beneath Madera 
Ranch 

Improvement of 
groundwater quality is 
one of stated goals of 
project 

  

Construction of 
recovery facilities 
was included in 
the description of 
project 
alternatives in 
environmental 
documentation 

Record of Decision 
signed August 2011 
(    ) 

Promising physical 
conditions; 
environmental 
documentation 
noted the ability for 
the district to take 
Friant Section 215 
Water 

Little Dry Creek 

North of the San 
Joaquin River, 
downstream from 
Friant Dam 

Direct Recharge 
5 miles to San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 4.37 
MAF beneath a 4 mi2 
hypothetical basin; also 
noted condition of overdraft 
that could be slowed or 
reversed through 
groundwater recharge; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range of 
storage capacity from 32.1 
to 47.6 TAF/mi2 of recharge 
area. 

Overall water quality 
in the Madera basin is 
mediocre (Purkey and 
Thomas, 2001); 
primarily concern is 
elevated lead; site-
specific water quality 
was good 

Medium site-specific 
soil permeability, little 
hardpan; Conjunctive 
Use for Flood 
Protection study 
(USACE, 2002a) 
assumed Kv = 1.0 ft/d 

Located in Tulare 
geologic formation, 
which has similar 
characteristics to, but 
is somewhat thinner 
than, Modesto 
Formation noted 
above 

Depends on 
program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

James Bypass Madera/Fresno area Direct Recharge 
14 miles from San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 6.13 
MAF beneath this 4 mi2 
hypothetical basin; also 
noted condition of overdraft 
that could be slowed or 
reversed through 
groundwater recharge; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range of 
storage capacity from 24.0 
to 37.8 TAF/mi2 of recharge 
area 

  

Purkey and Thomas 
(2001) ranked the 
Alluvial Fan Deposits 
beneath this site low 
in their Geology Sub-
Index 

Depends on 
program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Projects off the 
Friant-Kern Canal 
and Madera Canal 

Friant Service area 
Direct Recharge, 
In Lieu 

N/A Site-specific Site-specific Site-specific Site-specific Site-specific 
Projects range from 
initial planning to 
implementation 

Modeling indicates 
water is available 
and contractors 
have identified 
specific in-lieu and 
direct recharge 
opportunities 

Key: 
DWR = California Department of Water Resources 
ft/d = feet per day 
Kv = saturated vertical hydraulic conductivity 
MAF = million acre-feet 
mi2 = square mile 
 

 
N/A = not applicable 
SAFCA = Sacramento Area Flood Control Agency 
SGA = Sacramento Groundwater Authority 
TAF = thousand acre-feet 
TDS = total dissolved solids 
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5.0 Conclusions 
Analysis of groundwater recharge opportunities that may be compatible 
with flood management in general, and the 2012 CVFPP in particular, has 
identified the following conclusions: 

• Groundwater recharge associated with potential floodplain storage or 
increase in stream-channel area is limited in the Sacramento and San 
Joaquin flood management systems. Groundwater levels near the 
mainstem rivers are relatively high, which limits the amount of water 
that could be stored. Additionally, frequency and duration of inundation 
in these areas will be limited. Some in-channel groundwater recharge 
would occur during flooding, but construction of artificial recharge 
facilities is not recommended to increase recharge potential. 
Implementation of the State Systemwide Investment Approach, 
described in Section 3 of the 2012 CVFPP, would result in expansion 
and extension of the bypass system and levee setbacks. Those actions 
would create additional opportunities for in-channel and floodplain 
groundwater recharge. 

• Opportunities for capturing floodflows and recharging them into 
groundwater aquifers by direct recharge methods are limited in the 
Sacramento Valley because the groundwater basin, with a few 
exceptions, is relatively full. The use of floodwater for recharge has 
been practiced for many years in the San Joaquin Valley, where 
historical groundwater extraction has created depressions in the 
groundwater table that provide opportunities to store water. Rates of 
groundwater recharge are typically low relative to large floodflows, and 
capturing those floodflows for groundwater recharge purposes would 
have only a small impact on lowering flood stage and flood risk. As 
noted above, managed groundwater storage projects are usually 
initiated at the local level for water supply benefits. Therefore, from the 
perspective of the State’s investment in flood management, it may 
make sense to support these projects (e.g., through Integrated Regional 
Water Management programs) but it is not the State’s responsibility to 
initiate and lead these types of groundwater recharge programs. 

• Groundwater recharge as a component of conjunctive use with changes 
in existing reservoir operations continues to be a potential option to 
increase flood protection. Recharge in association with changes in 
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existing reservoir operations could benefit flood protection in both the 
Sacramento and San Joaquin valleys. However, changes in existing 
reservoir operations have implications beyond flood management, 
including potential impacts on water supply, water quality, 
environmental flow requirements, and contracted water delivery 
requirements. Any recommendation to change existing reservoir 
operations in conjunction with managed groundwater storage needs to 
be made with an understanding of those potential impacts. DWR’s 
ongoing System Reoperation Study is an appropriate venue for this 
analysis. If this DWR study does find that managed groundwater 
storage should be implemented with changes in existing reservoir 
operations, a more detailed, site-specific analysis of sites identified here 
and in previous reports could be initiated. 
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7.0 Acronyms and Abbreviations 
Board ......................... Central Valley Flood Protection Board 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

MAF ........................... million acre-feet 

NRCS ........................ Natural Resources Conservation Service 

SAFCA ...................... Sacramento Area Flood Control Agency 

SGA ........................... Sacramento Groundwater Authority 

SPFC ......................... State Plan of Flood Control 

STATSGO ................. State Soil Geographic 

TAF ............................ thousand acre-feet 

TDS ........................... total dissolved solids 

USACE ...................... U.S. Army Corps of Engineers 
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